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GENERAL INTRODUCTION
t  must bo appreciated tha t most present day methods 
o f rearing calves are harshly a r t i f i c ia l  and the question tha t may 
r ig h t ly  be asked is not why do calves so reared become 111, but 
rather how do most o f thorn survive*^* II. W, Smith (1962).
Considerable losses o f neonatal calves are experienced annually 
In th is  country. The extent o f those losses has been repeatedly 
estimated in surveys which have been ca rried  out during the past 40 
years. Jordan (1933)* Smith (1934)» Lovell and Bradford H i l l  (1940), 
Hector and Rowatt (1948), Withers (195?-» 1953). The most recent 
estimates ava ilab le  have both comp from the An1m 1 Health D iv is ion o f 
the M in is try  o f A g ricu ltu re . In an analysis o f post itKsrtem examinations 
ca rried  out a t Veterinary Investiga tion Centres during 1959 61 on
calves o f up to  6 months o f age» alrmst 60% waro on calves under 4 
weeks o f age. Veterinary Investiga tion Service (1964). V iith in th is  
4 week period, septicaemia and g a s tro e n te ritis  were responsible fo r 
66% o f the mortal I t io s .  A pre lim inary report o f the National Survey 
o f Calf V/astago and Husbandry, M in is try  o f A g ricu ltu re  (1966), 
suggested that there is  a wastage o f 5 6% o f calves born which take
th e ir  f i r s t  feed. In absolute terms, th is  represents an annual loss 
o f about 103>000 calves. Although the age range o f the calves 
surveyed was not given, septicaemia and gas tro in tes tina l disorders 
wore responsible fo r  70% o f the mortal 11les. In da iry herds, 50% 
o f the m o rta lit ie s  occurred w ith in  10 days o f b ir th ,  and In beef 
herds the fig u re  o f 38% was found fo r  the same period.
The accuracy o f such surveys is  open to  question in respect o f 
how representative they arc o f the ove ra ll p ic tu re , and how accurate 
are the d ici gnoses, especia lly  when an Inevitab le  delay occurs between
the tîmo o f death and necropsy, however, septicaemias and gastro« 
e n te r it is  appear to  be the mast important causes o f death In young 
animals. Bearing in mind the work of Smith (Î962) who demonstrated 
that a f te r  death there occurs a p ro !ife ra tio n  o f E. coU w ith in  the 
alimontary tra c t and that the post mortem changes which occur in 
the gut may simulate the macroscopic appearance o f inflammation, 
the diagnosis o f g a s tro e n te rit is  may not be v a lid  In every case* In 
add ition , i t  is  possible that th is  diagnosis may bo based upon the 
presence o f diarrhoea* Whereas g a s tro e n te ritis  Is aln%>st Invariab ly 
accompanied by diarrhoea, the converse Is not necessarlIy tru e , and 
In calves a g a s tro e n te r it is  Is not a constant feature In the pathology 
o f neonatal diarrhoea* A1lowing fo r  those discrepancies In these 
surveys, a p ic tu re  emerges o f the pattern o f losses during the neonatal 
period* During the f i r s t  week o f l i f e ,  septicaemia Is re la t iv e ly  more 
Important than g a s tro e n te r it is , but th is  pos ition  Is reversed In the 
fo llow ing  weeks*
in the aforementloned surveys va ria tions  have been observed In 
the m o rta lity  rates o f calves born and roared under d iffe re n t systems 
o f management, in d iffe re n t parts o f  the country and at d iffe re n t 
times o f the year* S ig n ifica n t d iffe rences have been shown to  e x is t 
between the m o rta lity  rates In da iry  and In beef herds, Vlithers (19S3), 
M in is try  o f A g ricu ltu re  (1966). I t  has also been shown tha t the 
method o f feeding colostrum may Influcmcc subsequent su rv ivo i, Withers 
(1953)• Regional va ria tio ns  have been shown to  ex is t between herds 
o f s im ila r typo, Withers (1953)* M in is try  o f A g ricu ltu re  (1966).
A very marked seasonal Incidence has been noted In ove ra ll 
m o rta lity . In the National Survey (1966) 50% o f the losses occurred
w ith in  the period January to  A p r i l ,  and In the o a r !1er survey o f 
Withers (1952 53)» over 40% o f the losses occurred w ith in  the 3
month period» February to  A p r il*  Reasons fo r th is  v a r ia tio n  Include 
the fa c t that during th is  period a la rger population o f calves Is 
a t risk» due to  the economic advantages obtained by the production 
o f w in ter ml Ik* Secondly, the m o rta lity  rate increases possible, 
as a re su lt o f the In te rac tion  o f many fac to rs  such as the b u ild  
up o f In fec tion  during the prolonged use o f c a lf  pens, Wood (!% 5 ), 
an Increase In the v lru lonce o f pathogenic s tra in s  o f In fectious 
agents due to  continuous passage In susceptible animals and adverse 
envlronmental conditions such as the co ld , damp and excessive 
temperature va r ia tio n  present a t th is  time o f year*
Of the In fectious agents which have bmn associated w ith  
neonatal disease In the c a lf ,  stands out as the
coim-nonest pathogen associated w ith  septicaemia and by v ir tu e  o f I ts  
natura l hab ita t In the In tes tines, I t  has often boon Implicated 
as a causal agent o f neonatal diarrhoea* A revIew o f the ro le  o f 
neonatal diseases o f calves has been made by Gay (1965), 
In v^hlch the syndromes associated w ith  |*„J0JX  (c o lIb a c Illo s ls )  
have been c la s s if ie d  In to  3 forms on c l in ic a l ,  ba c te rio lo g ica l and 
on possible patho log ica l grounds* Those syndromes were described 
as fo llow s;
A syndrome re su ltin g  In the rapid death o f a c a lf  and 
associated w ith  an 1, bacteraemla* Bacte rio log ica l Iso la tions
from the In ternal organs o f a given case are o f a s ing le  s tra in  In 
pur© cu ltu re*
b)
A syndroms also roSMÎtîng în the rapid collapse and death o f 
a c a lf  but associated v/îth a massive p ro lI fo ra tio n  o f ce rta in  
sp e c ific  s tra in s  Of E. col I in the small In testine* There Is no 
Wcteraemla and death Is presumed to  bo due to  a toxaemia*
e) .WaüsJïaæm
This Is a syndrom® associated w ith  diarrhoea* Death depends 
on the severity  o f the physio logica l disturbances Induced.
I t  would appear tha t col I sept I mem I a Is caused by ce rta in  
invasive s tra in s  o f E*. .cp.1,1.* The s u s c e p tib ility  to  th is  disease 
Is much Influenced by the degree o f passive Immunity whIch has 
been obtained by the c a l f .  Calves which have acquired antibodies 
from the cow are re s is ta n t to  **s©ptIcaemic invasion'* by E*.. c o l,i *
The sp e c ific  nature o f the p ro tec tive  antibody Is as yet unknown 
as the several p o s s ib il i t ie s  which have boon suggested have not 
been shown conclusive ly to  be important, Briggs (1951), Briggs,
Love11, Aschaffenburg, B a r t le t t ,  Ron, Roy, Thompson and Walker (1951), 
Smith (1962) .  Experimentally the cond ition o f col I septicaemia can 
only be produced In colostrum deprived calves o f 2 to  3 days o f age, 
GlantK, Dunne, Heist and Hokanson (1959)• Smith (1962), Penhale (I9&5)*
The en te ric  toxaemia form Is generally associated w ith  s tra in s  
o f mucoid E. cp1,i which possess A type K antigens and belong to  0 
groups 8, 9 and 101. This syndromo, o r ig in a lly  described In Canada 
by Gay, McKay and Barnurn (1964b) has not yet been described In the 
United Kingdom. Since the pub lica tion  o f th is  descrip tion , 
observations have boen ca rried  out by Smith and H alls (1967a and b)
on the a b i l i t y  o f ce rta in  s tra in s  o f E* col I to  produce dîlatoJon 
In ligated segments of small intestine. I t  was shown that a d ila t in g  
substance (onterotoxin) was produced by certain pathogenic strains.
Tills entorotoxin was recovered from s tra in s  of E, ,co,I,l.. wh I ch had the 
antigenic structure 08;K?; 09:K9; and 0101:K?, and which had been
recovered from calves with diarrhoea, A s tra in  w ith  an antigenic 
structure 078:K80# which is ono of the strains commonly associated 
w ith  col Isepticaemia did not produce any d ilatation . I t  Is Interesting 
to note that an untypabi© strain Investigated by Smith and Malls 
(1967$) was iso la ted  from an outbreak of disease In very young calves 
In the United Kingdom, The clIn lca l description# the fa i lu re  to  
Iso la te  E,*,,. col I from the Internal organs and the high level of passive 
Immunity are a l l  factors which might make one suspect tha t this was 
an outbreak of enteric toxaemia. It  Is possible tha t th is  syndrome 
does exist In this country but Is at present being mWlagnosed,
The Importance o f E. co l i. in the pathogènes I s of the enteric 
form of CO U b a d ! I os Is Is s t i l l  In doubt. This Is la rge ly  due to  
the In a b il i ty  o f most workers to  reproduce the syndrome under 
carefully control led conditions, Smith (1962) listed a series of 
points which in addition to the one just mentioned, suggested to  
him that there was no bacterial fa c to r Involved in the causation o f 
diarrhoea. These points included the absence of Incrim inating 
serological find ings , the s im ila r ity  of phage types of £,,„„cc>),l found 
In the small Intestine o f diarrhoeic and healthy calves# and the 
changes In the prédominant phage typo of coll during a diarrheeic 
opisodo. The same author did suggest that the primary condition may
be aggravated by bacte ria , a fa c t which might explain the bene fic ia l 
resu lts  obtained by the use o f ce rta in  a n tib io t ic s  e ith e r In 
prophylaxis o r treatment.
In the descrip tion o f coUseptIcaemla I t  was mentloned that 
suscep tîb îîI ty  to  th is  disease v/as very much dependent on tho absence 
o f p ro tec tive  antibodies acquired by the c a lf  from I ts  dam. These 
antibodies are present In colostrum and are absorbed In tac t from the 
In tes tine  by a mochonism which Is ac tive  fo r  the f i r s t  2k 36 hours 
o f l i f e .  The re la tionsh ip  between the Ingestion o f colostrum and the 
development o f septicaemia was demonstrated f i r s t  by Smith and L i t t le  
( 1922) ,  Of 10 calves which ware a I lowed to  drink colostrum# a l l  
survived. In con tras t, only 3 o f a group o f 12 colostrum deprived 
calves survived, Further confirm ation o f th is  re la tio n sh ip  was 
presented by Aschaffenburg and eo*^workors (Î949a,b; 1951a,b; 1953)
and Ingram, Love ll, Wood, Aschaffenhurg, B a rt le tt ,  Kon  ^ Palmar, Roy 
and Shi I lam (1956), In a series o f experlmants conducted during 1950 
to  1953 and invo lv ing 326 calves, 26% o f the 225 calves which 
received colostrum died compared w ith  91% o f the 103 calves which 
were colostrum deprived.
U n til the vjork o f  Fey and Margadant (1961) In Switzerland, 
no Investiga tion  had been carried  out In to the Ismiune g lobu lin  levels 
o f neonatal calves horn and reared under normal farm conditions and 
th e ir  re la tio nsh ip  to  disease. Those v»*orkorr> found tha t 5 (10,9%) 
out o f 46 "normal** calves at I week o f ago had a pronounced hypo«» 
gammatglobulinacmla In sp ite  o f having received colostrum. They also 
found tha t 21 (95.5%) out o f 22 calves which died o f cel I septicaemia 
wore d e fic ie n t In passively acquired g lobu lins . In view o f these
find ings cmd the fa c t that disease in neonatal calves Is a large 
problem in th is  region i t  was decided to  investigate the problem 
of deaths in newborn calves in re la tio n  to  th o ir  s ta te  o f passive 
isOTunlty.
The f i r s t  problem encountered in th is  investiga tion  was the 
choice o f method o f  measuring the concentration o f c irc u la tin g  hmune 
g lo b u lin . Of necessity, the te s t chosen had to  be re la t iv e ly  simple 
and quick to  perform since I t  v;as hoped tha t I t  might be used as a 
method o f screening large batches o f calves. The to s t which appeared 
most suited fo r  th is  purpose was the zinc sulphate tu rb id ity  tes t 
described by Aschaffenburg (1949). The tea t was o r ig in a lly  deslgnod 
by Kunke! (1947) to measure a lte ra tio n s  In the concentration o f ganmm 
globu lins In the serum o f humans. This author and others# do la Huergo 
(1950)9 Adnor (195?)@ DIscombe (1959)» Rolnhold ( i960) have Investigated 
the co rre la tio n  between the tu rb id ity  reaction developed by th is  tes t 
and changes In the serum pro te in  p ro f i le  consequent upon disease.
In the tes t described by Aschaffonburg (1949) ce rta in  m odifications 
viaro mode to  the o r ig in a l technique» the major one being an Increase 
in the concentrât ion o f the zinc sulphate reagent, This perm itted 
the detection o f the increases In the serum Inmuno g lob u lin  concentrait I on 
which occur a fte r  colostrum has been fed to  newborn calves. No 
invest Igat Ion vim made by Aschaffanbwrg e ith e r in to  fac to rs  which 
might a ffe c t the tes t or Into a co rre la tio n  between the Immimo g lobu lin  
present and the in te n s ity  o f the tu rb id ity  reaictlon.
From the foregoing i t  is  evident thavt there Is a lack o f information 
on factors which might aaffect the zinc sulphate tu rb id ity  tes t when 
applied to  c a lf  serum. Therefore, In the f i r s t  part o f th is  study
8there îs described an investiga tion  using neonatal c a îf sorum# in to  
some o f the facto rs  wh I eh have been shovjn to  influence the reaction 
w ith  human serum, so that the ro ln t iv o  importance o f those fac to rs  
might be assessed, in view o f th is  assessment a standard!sod procedure 
has been adopted fo r the performance o f the to s t.  Using th is  proccduro
the zinc sulphate tu rb id ity  reaction has been ca llb ra ted  In terms o f
spec Î f  I c Î mmune g I obu I In f  rei c t ions*
in part U o f th is  study, by moans o f the ?:înc sulphate tu rb id ity
to s t, observations have been made on the serum Invnuna g lobu lin  
concentrations o f neonatal calves. The changes which occur in the 
concentrât ions of the immune g lobu lins during ea rly  I If© have been 
fo i lowed by other workers, mostly by measurement o f the concentrât Ions 
o f specific antibodies or © lectrophoro tîca îly  determined g lobu lin  
fra c tio n s . By uso o f the zinc sulphate tu rb id ity  te s t, these changes 
have been foHoviad In calves during the f i r s t  3 v;eoks o f l i f e ,
Secondly, In view o f the re la tio nsh ip  between colostrum deprivation 
and c o l isepticaemia, an Investiga tion has been ca rried  out Into the 
co rre la tio n  between the concentrations o f irmiune g lobu lins In the serum 
o f market calves and neonatal m o rta lity , and f in a l ly ,  evidence is  
presented in the form o f a two year survey vAlch demonstrates the 
re la tiv e  Imniime g lobu lin  concentrations o f market calves In re la tio n  
to  season.
As a resu lt o f the absorption o f Immune g lobu lin  molecules in ta c t 
from colostrum, large qu an tities  o f p ro te in  enter the c irc u la tio n .
In add ition  to  th e ir  Immunological function# other physical cha rac te ris tics  
o f these proteins may exert e ffe c ts  which may a id  the surv iva l o f the 
neonatal c a l f .  The Intravenous in fusion of pro te in  so lu tions has been
recognised as a method o f expanding the plasma volumo through an 
osmotic e ffe c t.  Moreover, by v ir tu e  o f th e ir  chemistry, prote ins 
are known to exert a bu ffe rin g  action In so lu tions in vdilch there Is 
a tendency to  changes in pH* Both o f these aspocts have been 
Investigated In port I I I  o f th is  study*
In the u ltim ate  part o f th is  study, a review has been made o f 
the llto ra tu ra  re la tin g  to  the absorption of immune globu lins  by 
domestic animals* In calves two p a rt ic u la r aspects o f the absorption 
mechanism have been Invest Igated* The f i r s t  aspect studied was the 
effect o f the time o f feeding on the f in a l concentration o f serum 
Immune g lobu lin * The other aspect investIgatod was an assessment o f 
the e ffic ie n c y  o f the absorption mechanism*
DESCRIPTION AND CALIBRATION Of THE 
ZINC SULPHATE TURBIDITY TEST
10
A method o f e s timatin g  the a lte ra tio n s  In the serum gamma 
gîobuHn concentrât Ion by a tu rb îd îm e trîc  technique was described 
by KunUel (1947). This technique Involved the uso o f a very d ilu te  
so lu tion  o f zinc sulphate and I ts  Imnedlate app lica tion  was In the 
measurement o f serum gamma g lobu lins In hinnans su ffe ring  from liv e r  
dI seaso. The concentration o f zinc sulphate used gave minimal 
p re c ip ita tio n  w ith  norma1 serum# but a read ily  detectable reaction 
was obtained w ith  hyporglobulïnaemîc sera. A co rre la tio n  was found 
between the tu rb id ity  and the gamma g lobu lin  concentrât Ion as 
calcu lated from the o lectrophore tlc  pattern as wall as between the 
tu rb id ity  and tho to ta l g lobu lin  concentration as determined by the 
Howe ( I92Ia and b) f r a c t îonatîon techoÎqua.
In h is o r ig in a l work# Kunkel (1947), showed tha t by Increasing 
the concentration o f thei reagent used a correspond!ng Increase occurred 
In the percentage o f p ro te in  p re c ip ita te d . Aschaffenburg (1949) 
made use o f th is  fac t and adapted the o r ig in a l tes t o f Kunkel (1947) 
fo r use In newborn calves. The tes t thon provided a method o f 
detecting the Increases In the g lobu lin  fra c tio n  o f serum prote ins 
which occur a f te r  the absorption o f Immune g lobulins from colostrum.
The main a lte ra tio n  In the o r ig in a l technique was that o f Increasing 
the concentration o f zinc sulphate from 24 mgms/Htre to  208 m gm s/lltre. 
This was necessary In order to  obtain conditions under which no tu rb id ity  
occurred w ith  the serum o f calves deprived o f colostrum, whereas 
tu rb id it ie s  o f an In te n s ity  re fle c tin g  the amount o f p ro te in  Ingested 
developed a fte r  the calves had been given colostrum. In the o r ig in a l
11
pybUcafcïQïî, Kunkol (194?) found a close co rre la tio n  between zinc 
sulphate tu rb id ity  and ganmm g lobu lin  a$ w ell as to ta l g lobu lin *
This find ing  was supported by Dlscombe, Jones and Winstonley (1954), 
who# using zone e lectm phorosis found û c o e ffic ie n t o f c o rre la tio n  o f 
0*91• Other workers, do la Huerga, Popper, Franklin and Routh (1950); 
R icke tts , S te rlin g , and Lev Ino (1951) and Adnor (1957) have found tho 
re la tio nsh ip  to be less close* Wilson, Brown and iiaînUne (1957) 
found a c o e ffic ie n t o f co rre Ia t Ion o f 0*59 using moving boundary 
electrophoresis to  measure the concentrât ion o f ganima g lob u lin  and 
Reinhold (I960) found a Sim*1er corre la tion#
In a series o f calves fed d iffe re n t qu an tities  o f the norn^fatty 
fra c tio n  o f colostrum m  increase In the zinc sulphate tu rb id ity  as 
measured In a pho toe lec tric  absorptlomator was found in those which 
rcceîvod 200 ml * and over, Aschaffenburg (1949). The calves which 
received most had on average the highest tu rb id ity *  The 1 noreuses in 
to ta l serum and euglobultn nitrogen v/oro not consistent and no attempt 
was medô to  co rre la te  these increases more p rec ise ly  w ith  the zinc 
sulphate tu rb id ity *
The comUfcîons defined by Kunkel (1947) under v/nlch the to s t 
v/as performed were determined as a re su lt o f investiga tions in to  some 
o f the fac to rs  which may Influence the tu rb id ity  reaction* These 
factors Included the e ffe c ts  o f pH, ton ic strength and albumin 
concentrât Ion* Later authors have repeated those Investiga tions and 
have described other fa c to rs , do la  Htterga gf,„,aj,* (1950), Dlscombe 
at, .0,1,*  (1954), Vonan and Relnhold (1957), RelnhoW (I960), the most 
Important o f w h ld i wou1d seem to be the Influence o f carbon dioxide 
and the temperature at which the to s t Is performed# A ll o f these 
Investiga tions have boon performed on huiman sera using the more c lllu to
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reagent* Therefore, a study has been made of how these factors 
affect the %!nc sulphate turhW lty test performed on c a lf sera and 
using the procedure described by Aschaffenburg (1949). The factor* 
Investigated are the choice of f i l t e r ,  the effects of time and 
temperature, pH, Ionic strength, albumin concentration, gamma globulin 
concentration, and the use of plasma or serum.
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SUB*SECTIQN A
Determination of the Optimum F ilte r  for Use In the Measurement of Turbldltv 
introduction
The majority of workers (Aschaffenburg, 1949; do la Huerga#
1950; Discomb© et « - 1954; Nelmann-Sorensen, Konggaard and Kruse,
1966) have adopted the recommendation of Kunkel (194?) and have used 
light of 650 myk-wavelength or an Ilfo rd  No. 608 f i l t e r  when
measuring the zinc sulphate turb id ity In a spectrophotometer or
colorimeter. Smith (1962) performed the zinc sulphate test on ca lf 
sera using the f i l t e r  described by Aschaffenburg, but In a later paper 
(Smith, 0*Nelll and Simmons, 1967) the test was modified by omitting 
the use of a f i l t e r .  No reason was given for this change of technique. 
Shank and Hoagland (1946) determined the absorption spectra of barium 
sulphate, haemolysed red blood cells  and a dilution of serum containing
14 mg% of b il l  rub In through the range of 400 to 7OO myt . At 650 myx
minimal Interference from light absorption due to b i l l  rub In or haemolysed 
red cells occurred. As the wavelength Increased through the range, 
there was a progressive decrease In the percentage of light absorbed 
by the barium sulphate solution. Patterson (196?) compared three 
simple laboratory tests for gamma globulins In ca lf sera, one of which 
was the zinc sulphate turb id ity  test. He described how more precise 
measurements of the turb id ity were possible by use of a colorimeter 
with a 625 (yellow-green) f i l t e r ,  or a spectrophotometer using light 
of 450 nyL wavelength. It  has subsequently been confirmed by Patterson 
(personal communication, 1968) that higher "absorbance" Is obtained 
with light of 400 -  550 myi than with light of 65O m^ i wavelength.
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Bocaysa o f the re la t iv e ly  poor Hght absorption obtained a t 6.50 myji 
ivavelength I t  was dseldeci to Investigate the use o f other wavelengths 
In measuring the zIno sulphate tu rb îd îty .
Isoadffisxüi
MJ.eterm!,n_e.. tj)fl Ça: f  jjaemog tob I n and
The zinc sulphate tu rb id ity  tes t %#s performed on a non^-haernolysed 
serum sample. The tu rb id ity  was measured on an EEL co lorim eter using 
the series o f I l fo rd  spectrum f t  I te rs  Nos, 62Î -  608, For each f i l t e r  
used, the colorim eter needle was adjusted to  zero using a "bl^Jink" 
so lu tion  o f d is t i l le d  water,
A so lu tion  o f haemolysed c a lf  red c e lls  was then prepared. This 
was done by ce n trifug ing  a heparinlsed blood sample taken from a c a lf .
The supernatent plasma was poured o f f  and the red c o lls  were re-suspended 
in sal I no and then centrifuged again. This procedure was repeated 
twice in order to  provide a suspension o f red blood c e lls .  These were 
then ruptured mechanically, re-suspended in sa line and centrifuged in 
order to  minimise the c e llu la r  content o f the supernatant f lu id  which 
was then added to  a colorfm otor tube. The absorption spectrum o f c a lf  
haemoglobin was then dotarm*nod by a s im ila r procedure to  that 
described above.
The response curves o f the I l fo rd  spectrum f i l t e r s  are given In 
the handbook o f "Operating in s tru c t ions" provided v/1 th the EEL 
co lorim eter. From the fig u re  the re in , the wavelength corresponding 
to  the maximum transmission fo r  each f i l t e r  was determined and is 
shown In Table Î . Î .
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Table 1 .I
Colour Wave length ( y )
621 V io le t 450
622 Blue 460
623 Glue-green 490
624 Green 520
625 Yel low-groan 540
626 Yellow 570
607 Orange 600
608 Red 680
The co lorim eter reading fo r  each f i l t e r  tested was thon p lo tted  
against th is  wavelength# and Is shown In Figure No, 1,1 These resu lts  
Ind icate tha t fo r  both so lu tions greater "absorbance" and hence 
s e n s it iv ity  la found when lig h t o f wavelengths shorter than 650 
are employed,
0l,scus_sjon
I t  would appear tha t the absorption spectra obtained fo r  the zinc 
sulphate tu rb id ity  te s t and haemalysod c a lf  red blood c o lls  îs 
approxlmatoly s im ila r to  tha t obtained by Shank and Hoagland (1946),
There Is greater s e n s it iv ity  to  both zinc sulphate tu rb id ity  and 
haemoglobin a t the shorter wavelengths i ,e ,  f i l t e r s  Nos, 621 -  625.
W ithin th is  range f i l t e r  No. 623 would appear to  be least sens itive  
to haemoglobin, 
jn
In the rou tine  performance o f the to s t i t  was decided therefore 
to use a No, 623 f i l t e r  and to Include a contro l tube contain ing 
0,1 ml, serum and 6 m l, d is t i l  led water. This procedure minimises 
the e ffe c ts  o f  haemolysis w h ile  g iv ing  greater s e n s it iv ity  to  the 
measurement o f tu rb id ity .
Fîg. î . î .  The absorption spectra o f c a lf  haemoglobin ancl the tu rb id ity  
produced by the zinc sulphate tu rb îd îty  reaction .
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SUBSECTION B
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ifitrQ<iuetlons
As w ith  any chemical reaction, the ra te  at which tu rb id ity  
develops \% influenced by the temperature o f the reagents and the 
time allowed fo r  the development o f the reaction. Although most 
workers have adopted standard conditions o f time and temperature fo r 
the zinc sulphate reaction re la t iv e ly  l i t t l e  investiga tion  has been 
made o f the Influence o f these factors on th is  te s t.
Kunkel (1947) allowed the reaction to  proceed fo r  30 minutes 
before measuring the amount o f  tu rb id ity .  No mention was made of 
temperature con tro l so presumably I t  was performed a t room tomperature, 
Dlscombe ot a l . (1994) allowed the reaction "mom than 1.0 but less than 
120 minutes", and made no sp e c ific  mention o f temperature, Yonan and 
fieinhold (195?) allowed the te s t to  stand for 30 minute# and maintained 
i t  a t ^  1^, Aschaffenburg (1949) allowed 1 hour to  pass before 
measuring the in te n s ity  o f the flocculum and noted tha t a t th is  tIme 
the reaction was not qu ite  coîspîete.
00 la Huorge and Popper (1950) using another tu rb id ity  te s t to 
estimate the amunt o f gamma g lobu lin  present In serum noted tha t 
tu rb id ity  Increased rap id ly  during the f i r s t  f if te e n  minutes and then 
became fa i r ly  constant fo r more than one hour* A fte r twenty four hours 
the readings ware greater by 10 « 15% than the 30 minute readings.
This they a ttr ib u te d  to  hydration o f the p re c ip ita te , since chemically 
both amounts were Id e n tic a l. They concluded that a period o f 30 
minutes was best. The same authors noted that there was about 
lass tu rb îd îty  i f  the reaction was performed In the "Ice  box"
1 ?
(actual tomporafcure not given) and a 30% Increase I f  performed at 37^C.
At S6^C there vas an Increase In tu rb id ity  o f up to  50%* In the range 
betvmon 20^C and 30^C the differences did not exceed 1% per centigrade 
degree. These d iffe rences were ascribed to  a lte ra tio n s  In hydration 
and I t  was suggested tha t fo r  precise determination» the to s t should 
be performed at 25^€# No I mancMSorensen, (1966), using the zinc
sulphate tu rb id ity  tos t on c a lf  serum, noted tha t the reaction was 
very sens itive  to  températures over 20^C# They have performed th is  
te s t a t 22 •*» 23^0 and have measured the tu rb id ity  a fte r  60 70 minutes.
Patterson (106?) assessed the tu rb id ity  60 minutes a fte r  m ixing, but 
no mention Is made o f temperature co n tro l, 
îlxper Imept,
In order to  e luc ida te  the e ffe c ts  that time and temperature have 
on the amount of tu rb id ity  developed, the fo llow ing experiment was 
performed*
Ton serum samples from young calves wore selected at random. The 
zinc sulphate tu rb id ity  te s t was performed as fo llow s.
To a 10 ml. colorimeter tube containing 6 ml. o f z inc sulphate 
so lu tion  (208 mg. per l i t r e ) ,  0.1 ml. sarum was added (Test). An 
Identica l volume o f serum was added to  a matched colorimeter tube 
contain ing 6 ml. o f d is t i l le d  water (C ontro l). The reagents ware 
mixed by gentle shaking fo r  a few seconds and then allowed to  stand 
In a test tube rack u n t i l  the required time had elapsed. The solutions 
v^ore gently shaken again to  ensure an even suspension. The tu rb id ity  
was measured on an BEi co lorim eter, using a BUio-^greon f i l t e r  ( I l fo rd  
No. 623) and having previously zeroed the Instrument w ith  a tube
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containing d îs tn io c l water. The d iffe rence between the reading obtained 
from the te s t emd con tro l tubes was taken as the tu rb id ity  reading.
The te s t was read at four fixed  time In te rva ls  a fte r  the I n i t ia l  
mixing o f serum and zinc sulphate so lu tion , namely 15, 30, 60 and 120
y
minutes. Five d iffe re n t temperatures were chosen and the serum was 
added to  the zinc sulphate so lu tion  a fte r  I t  had eq u ilib ra te d  w ith the 
ambient temperature. The lowest temperature (6^C) was obtained by 
allow ing the tubes to  stand In a re fr ig e ra to r. The upper three 
temperatures (25^C, 31^C, 37^C) were obtained by standing the tubes 
In a water both. The f i f t h  temperature (20^C) vjas the ambient 
temperature o f the laboratory. The resu lts  o f th is  experiment are 
shown In Figure 1.2.
From these rosy te» I t  can be seen that the reaction continues 
to  develop throughout the period o f 120 minutes and Is Influenced 
g rea tly  by temperature. Table 1,2. shows the e ffe c t o f temperature 
on the rote o f development o f the tu rb id ity  reaction.
IWSCâSii!XS.JS.üaS. (^C) â-Z-âP. I L iJ Z
D m  (mins) fecsaaïfl3â™ !jm cgasojji3 iE ^^^
a°f„SiioM arM 'iJsaEss.
15 1.05 2.7 13.5 6.2
30 1.08 5.1 9.6 3.9
60 1.26 6.7 9.0 2.4
120 1.97 6.0 7.8 2.5
I t  would appear that fo r any time between 30 and 120 minutes 
the rates o f development o f the tu rb id ity  reaction are qu ite  s im ila r.
Fig. K2* The e ffe c ts  o f time and temperature on the development o f 
the %lnc sulphate tu rb id ity  reaction In c a lf  serum.
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However, the ra te  o f development Is not uniform throughout the range 
o f temperatures studied, the greatest rate being seen In the 25 ^ 3Ï^C 
range# Compared w ith  the rate o f \% per Centigrade degree described 
by do Uî Huerga and Popper (1950) using the ainmon I urn sulphate'^sodlum 
ch loride  tu rb id ity  te s t, the percentage Increases found hero fo r the 
same range o f temperatures are much higher.
Conclusion
In view of these find ings I t  v/ouîd appear tha t the reaction Is 
p a r t ic u la r ly  sens itive  to  temperatures above 20^ ’c, v^iereas the e ffe c t 
o f time Is re la t iv e ly  constant. Ide a lly , the tes t should be performed 
at a constant temperature In the region o f 20®C and should be read a fte r  
a fixed  time has elapsed from the s ta r t o f the te s t,  probably one hour. 
In the subsequent studies o f fac to rs  Influencing the zinc sulphate 
tu rb id ity  reaction and In the adoption o f a standardised technique, 
the te s t has been performed at about 20^ C^ (room température) and has 
been read a fte r  one hour.
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The pM o f the reagent îs o f Importance* I t  v/ar* shown by Gurd 
and Goodman (Î9S2) tha t the blm llng o f zinc Ions by human serum 
albumin vma compotîtive w ith  that o f hydrogen Ions and tha t a f a l l  
In pH occurred when zinc ions ware added to  a so lu tion  contain ing 
albumin. Tan ford (1952) and Gurd and Goodmn (1952) presented ovldenco 
which suggested that z inc Ions combine w ith  Imidazole groups o f 
h is tid in e  residues o f p ro te ins.
Kunl(el (Îÿ î'7 ), using a copper sulphate so lu tion , showed the 
e ffe c ts  o f varying pH and Ionic strength. Ho found tha t the best 
d iffe re n tia tIa n  between normal and h e p a tit is  serum occurred In the 
pH range 6.5 7.5 and In the presence o f a low ion ic  strength (I 0 .01).
In order to maintain a constant pH o f 7.5» ho used a ba rb itu ra te  bu ffe r 
contain ing 280 mg. b a rb itu r ic  acid and 210 mg. o f sodium ba rb itu ra te  
per H t.re. His u ltim ate  preference fo r  z inc sulphate Instead o f 
copper sulphate was Influenced by the reaction o f copper w ith  ba rb itu ra te , 
w lth  v/hlch I t  forms a p re c ip ita te , I f  kept fo r any length o f time.
Aschaffenburg (l94g) found I t  unnecessary to  use b u ffe r and used 
only d is t i l  led water o f neutral pH In making up the zinc sulphate 
so lu tion . Where necessary, the pH o f the water was adjusted to  
n e u tra lity  by the use o f d ilu te  acid or a lk a l i .  Other workers, however, 
have continued to  use foarblturat© b u ffe r, Dlscombo (1954), Vonan and 
ReinhoId (1957), although ReInhold (I960) had cause to  a lte r  the 
re la t iv e  concentrât ions o f the reagents to  302 mg. b a rb itu r ic  acid and 
190 mg. sodium ba rb itu ra te  per l i t r e  because the o r ig in a l bu ffe r
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concentrât Ion@ provî émt an a Ika Iî m  pH în hî s laboratory• He cla îmed 
that deviations of more than 0.05 from pH 7*5 would cause alterations  
In the turbid ity produced.
I t  Is in te re s tin g  to note that Maclagan (1948) doubted tha t a 
buffer of Ionic strength lower than 0.01 would be able to exert any 
decisive Influence on the pH of the reaction mixture. The buffer 
proposed by Kunkel (1947) has an Ion ic strength of about 0.001 and 
therefore may not be e ffe c tiv e  in regulating pli.
Serious changes In the pH of the reagent were found to  occur I f  
the solution was allowed to absorb carbon dioxide, DIscombo, Jones 
and Winstanley (1954). In order to  overcome th is  source o f e rro r, 
DIscombe (1959) kept the zinc sulphate reagent In an automatic burette  
protected by a soda lime tube. The serum sample was dispensed using 
a c a p illa ry  pipette and a tea t to prevent possible change o f pH I f  
expired a ir  were to enter the f lu id .  ReInhold (I960), recommended that 
the d is t i l le d  water used fo r  making up the reagent should bo boiled 
fo r 10 minutes In order to  drive o ff dissolved carbon diox ide .
Yonan m é  Re Inhold (1957) noted tha t zinc sulphate tu rb id ity  
readings were lowered I f  the measurements were delayed by one or two 
hours a fte r  separating the serum from the c lo t .  Although actual 
measurements ware not made, I t  was assumed tha t this was duo to  a loss 
o f carbon dioxide. A series o f serum samples In vdileh gaseous exchange 
w ith  the atmosphere had been minimised by use of a mineral o i l  seal, 
gave unexpected results. The zinc sulphate tu rb id ity  rose significantly  
a f te r  storage. The reason fo r  th is  was une»fplalned. Rc: Inhold (I960) 
stated tha t by exposing serum which has eq u ilib ra ted  w ith  the atmosphere 
to a lveo la r a i r  o r a gas mixture containing 5% carbon dioxide In
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nitrogen fo r one to  two minutes the o r ig in a l tu rb id ity  was aImost 
restored. ReInhold and Yonan (1956) found that removal o f free 
aarhon dIoxI do by exposure o f sera to  a vacuum lowered the readings# 
Exposure to  an atmosphere high In carbon dioxide caused an increase 
In the readings.
Possible explanations fo r th is  phonomanon were put forward by 
ReInhold (I960) who suggested that carbon dioxide may form carbarnI no 
deriva tives which then react w ith  zinc ions to form Insoluble sa lts . 
A lte rn a tiv e ly , tho combination o f carbon dioxide w ith  cjaiwna g lobu lin  
may a lte r  the confIguratIon o f the pro te in  molecule so tha t the 
Imadazolyl groups become more accessible to  the zinc Ions.
£sEseJjBaafi
 s u ip iia te
The fo llow ing  experiment was performed to  fin d  out what e ffe c t 
pH had on the zinc sulphate reaction. Twenty c a lf  sera w ith  tu rb id ity  
readings between 0 and 40 were selected. These sera were then tested 
using:
1) Unbuffered zinc sulphate so lu tio n , Aschaffenburg (1949).
2) IIn c  sulphate so lu tion  to whIch had been added ba rb itu ra te  
bu ffe r in the proportions described by Kunkel (194?), I .e . 280 mg. 
b a rb itu r ic  acid and 210 mg. sodium ba rb itu ra te  per l i t r e .
3) A zinc sulphate so lu tion to  which had been added 
ba rb itu ra te  bu ffe r in the proportions described by ReInhoId (I960),
I .e . 302 mg. b a rb itu r ic  a d d  and ISO mg. sodium barb I tone per l i t r e *
The to s t was allowed to  develop fo r 60 minutes at room temperature 
before being read.
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The measured pH o f these solutions wore respectively:
I ) pH 4« 7
2) pH 7.53
3) pH 7.6
The results are shown In Figure 1*3.
I t  was found tha t the Kunkel buffer depressed the development 
o f the reaction so tha t only one reading higher than 2*5 was obtained. 
Compared with the unbuffered so lu tion  the ReInhold bu ffe r gave resu lts  
which were cons is ten tly  lower, the difference being most marked at 
the hI ghost levels.
Mâ£a,ss.îas.
Those resu lts  would appear to confirm  the Importance of the pH 
of the reagents. The poor resu lts  obtained with the Kunkel bu ffe r 
would agree w lth  the findings of ReInhold (I960), who noted tha t I t  
produced too alkalIne conditions fo r  the test. A possible reason for 
the difference existing between the unbuffered reagent and the one 
containing the ReInhold buffer may be the Increased Ion ic strength o f 
the buffered solution. However, the calculated Ion ic strength o f 
the buffered zinc sulphate so lu tion  Is Î » 0.0039. (For buffer systems 
consisting o f a wealt monobasic a d d  and I ts  a lk a li metal s a l t , . . . . . . . . .
the Ionic strength Is equal to  the concentration of the s a lt (Long, 
1961) .  By reference to  Figure 1.4. showing the effect o f Ionic strength 
on the development of tu rb id ity .  I t  can be seen tha t the depressant 
e ffe c t may be calculated from tho regression equation, I .a . y ®
2.987 1. 805. For an Ionic strength o f 0.0039, the corresponding
depression Is 0.7 zinc sulphate units. I t  would appear, there fore , 
that the Increased Ionic strength of the buffered so lu tions Is not the 
major factor causing the depression.
Fîg. 1.3* The affect of pH on the zinc sulphate turb id ity react 
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Conclusions
It  would appear that under the conditions existing In this  
laboratory higher turb id ity readings may be obtained by the use of 
unbuffered zinc sulphate reagent. The buffers recommended by Kunkel 
(194?) and Helnhold (I960) cause a depression of the tu rb id ity  reaction. 
In the routine performance of the turb id ity test, therefore, no buffers 
have been Included.
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Thft IgfluBnco o f. . im lc  St.raogth on the Zinc Sulphate Turbid ity . Mactlor).
Ionic strength Is a measure o f the e le c tr ic a l f ie ld  e x is ting  
In a so lu tion and Is calcu lated from the formula I « i H » [ l l  v/here 
I « Ionic strength, I « concentration o f the Ion, Zj « the net charge 
o f the Ion and ZD Implies a summation over a l l  the Ions In the so lu tion . 
Use has been made o f th is  fact In many o f the flo ccu la tio n  tes ts  used 
In human medicine* Maclagan (1948) reviewed 9 te s ts , Including the
zinc sulphate to s t o f Kunkel (1947) and showed that the serum d ilu tio n
fa c to r ranged from I to  61 and the Ionic strength o f the various 
reagents varied from 0 * IS to  0*002*
Kunkel (1947), using a copper sulphate so lu tio n , observed the
tu rb id ity  produced under d iffe re n t conditions o f pH and Ion ic strength. 
He found that greater tu rb id it ie s  occurred when a so lu tion  o f tonic 
strength I G* g .o | was used rather than one o f strength I 0,1, 
Experiment
Jo Patermine the E ffec t p f Ionic Strength on the Zinc SuInhate
Â
The method used to  Investigate the e ffe c t o f Ion ic strength on 
th© In te n s ity  o f tho tu rb id ity  reaction was as fo llow s. A so lu tion 
o f z inc sulphate (290 m g * /lItre )  was prepared using bo iled dist11 led 
water. From 10 ml. o f physio logica l sal In© (8*9 g* WaCI per l i t r e )  
a series o f I i I  d ilu tio n s  was prepared, I .e . 1/2, 1/4, 1/8, 1/16, 
again using d is t i l le d  water as d ilu e n t. The Ionic strengths o f the 
o r ig in a l and the modified zinc sulphate so lu tion are shown In Table 1,3.
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Tablg
âüalsal J iiL . JZâ M i JZi X
2.8 4.4 5.9 8.9 IS 27.1
The tes t was ca rried  out using 9 ml * o f the zinc sulphate so lu tio n ,
1 ml* o f the sa line  or one o f I ts  d ilu tio n s  and 0 .Î  ml# o f serum.
The e ffe c t o f Ionic strength on the In te n s ity  o f the tu rb id ity  reaction 
was found In 10 d iffe re n t serum samples, the tu rb id it ie s  o f which 
ranged from 19 to  90, The resu lts  obtained are shown In Figure No, 1.4,
The e ffe c t o f Increasing the Ionic strength o f the reagent Is 
such as to cause a depression o f the tu rb id ity  developed. The range 
o f Ion ic strengths tested was from I 0.0044 to  I 0.0271, I t  w i l l  
be seen tha t the regression lin e  Intercepts the y axis at 0,0018, a 
value which Is only 0,001 removed from the calculated Ion ic strength 
o f the o r ig in a l z inc sulphate so lu tio n ,
SlâBlâSjiBL.
The resu lts  obtained In th is  Investiga tion  confirm  the Importance 
o f low Ion ic strength In th is  reaction. In order to  obtain th is  low 
Ion ic strength a serum d ilu t io n  fa c to r o f 61 has been employed. This 
Is necessary to  reduce Interference from e le c tro ly te s  present In the 
serum. In view o f th is  I t  Is In te res ting  to  speculate whether the 
a lte ra tio n s  In the f lu id  and e le c tro ly te  concentrations seen as a 
re su lt o f ce rta in  diseases vmuld be re fle c ted  by an a lte ra tio n  o f 
the zinc sulphate tu rb id ity .  For example, In neonatal diarrhoea In 
calves, the loss o f f lu id  and u ltim a te  reduction o f the plasma volume, 
Fisher (1069), might be expected to  cause an Increase In the tu rb id ity  
reaction. However, there Is a simultaneous motabollc ac idosis , the
Fig. 1.4. The depressant effect of Increasing Ionic strength on the 
zinc sulphate turbidity reaction In calf serum.
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q ffe c ts  o f whSah mhjht depress tu rb id ity  duo to  change o f pH and the 
disturbance o f tho ro la tlvc i proportions o f e le c tro ly te s  end possibly 
Ion ic strength*
JteJUssiS!.
Tho resu lts  found here agree In p r in c ip le  w ith  the find ings o f 
other v.*Qrkors. Factors which causa an Increase In the Ion ic strength 
o f serum or the zinc sulphate so lu tion w i l l  tend to  cause a depression 
o f the tu rb id ity  reaction.
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In pa tien ts w ith  l iv e r  disease, Kunkel (194?) produced a s lig h t
f a l l  in the in te n s ity  o f the tu rb id ity  reaction by adm inistering 
intravenously large antounts o f human albumin. He also demonstrated 
by adding humnn albumin to  p o s it iv e ly  reading scrum taken from 
patien ts su ffe ring  from h e p a tit is , that there was a dacronso in the 
amount o f g lobu lin  p rec ip ita ted . From a graph. I t  appeared that the 
depression did not become evident u n t il the concentrât Ion o f albumin 
exceeded I g. per 100 ml. above which concentrât Ion the depression 
Increased u n t i l  concentrations o f about 20 g. o f albumin per 100 ml. 
were obtained.
De la Huerga and Popper (19S0) attempted to  study tho mechanism 
o f zinc sulphate tu rb id ity  by adding human serum albumin to  gamma 
g lobu lin  so lu tions and to  sera. When albumin was added to  1.2% and 
2.5% gamma g lobu lin  so lu tions , up to  a concentration o f 1 g. per 100 ml. 
the e ffe c t rms to  ra ise the In ten s ity  o f the tu rb id ity .  Levels In 
excess o f th is ,  however, had a depressant e ffe c t. The re su lt o f 
adding albumin (1.5 g. per 100 m l.) to  normal and patholog ica l sera 
was to  depress the tu rb id ity  by 20 50%, the percentage depression
being lower In these sera w ith  high tu rb id it ie s .
The method usoc! to  defeormlne the Influence o f albumin on tho zinc 
sulphate réaction was as fo llow s. A range of concentrations (2.5, 5»
10, 15, 20 mg. per m l.) o f bovine albumin so lu tion  was prepared by
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d isso lv ing  c ry s ta ll Ised bovI ne a IbumIn (A rmou r Fhs rmaceutIca Ï Company 
L td ., Eastbourne, England) In d is tn ia d  water and making se ria l ell lu ttons . 
A more concentrated so lu tion  o f zinc sulphate (250 mg. per l i t r e )  than 
tho one described by Aschaffenburg (19%) was prepared using bo iled 
d Is tI  lie d  water. This Increased concentrât Ion Is to  a llow  fo r  tho 
d ilu t io n  which occurs when the albumin so lu tion Is added. Five serum 
samples w ith  tu rb id ity  readings ranging between 30 and 50 were selected 
and the te s t performed In the fo llow ing  imnner. For each concentration 
o f albumin so lu tion  5 colorIm ater tubes wore set up. In to  each was 
added 5 ml, o f the zinc sulphate so lu tio n , 1 ml. o f tho appropriate 
albumin so lu tion  and 0.1 ml. o f each serum sample. Thereafter, the 
performance o f the to s t was as described previously. A depression o f 
the tu rb id ity  reaction was noted only at albumin concentrations o f 
greater than 25 mg. per ml. The resu lts  are shown In Figure No, 1.5. 
Discussion
The range o f albumin concentrat Ions studied In th is  experiment 
Is équivalant to  the range 25 20D mgs. per ml. I t  ivas found tha t
Increasing concentrations o f albumin had a depressant e ffe c t on tho 
development o f the tu rb id ity  reaction . The higher concentrât Ions o f 
albumin used by Kunkel (19% ), I .e .  up to  200 mgs. per ml, are outw ith 
the values seen in normal o r pathological sera. However, the depression 
o f tu rb id ity  observed by th is  author began to  be apparent a t levels 
greater than 10 mg. per mi. De la  Huorgo et a l . (1950) found that the 
depressant e ffe c t was obvious at th is  concentration. From the resu lts  
obtained In the present work I t  wou3d appear that there Is very l i t t l e  
depression o f tu rb id ity  below concentrations o f 25 mg. per ml. To 
confirm  th is  p o in t, e second series o f albumin concentrations v/as
Fig. Ï .5 .  The a ffe c t o f albumin concentrât Ion on the zinc sulphate 
tu rb id ity  reaction .
50i?
40
10 8-
50 100 150 20C
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prepared, equivalent to  the range 0 to  40 mg. per ml. The resu lts
are shown In Table 1.4. and from these I t  would appear tha t a s ig n ific a n t
depression o f tu rb id ity  does not occur w ith in  th is  range o f 
concentrations.
Iable  1.4.
The E ffect o f Albumin on the Zinc Sulphate T u rb id ity  Reaction 
Added Albumin mg./ml. 0 2.5 5.0 10.0 20.0 30.0 40.0
Average T u rb id ity  43.7 42.9 43.2 43.4 44.0 42.5 42.5
D ifference *^0.8 "*0.5 "1*0.1 -0 .3  ^*0.3 -1.2
The normal concentration o f albumin In the serum o f newborn 
colostrum deprived calves has been measured by several workers.
Roberts, Worden and Rees-Evans (1954) found concentrations o f 
3.15 i;  0.28 g. per 100 ml. serum, and Pierce (1955a) found 2.68 j ;  0.1 g. 
per 100 ml. serum. I t  would appear, therefore , tha t the normal 
va ria tio ns  encountered In the serum albumin concentration are un like ly  
to  a ffe c t the tu rb id ity  reaction.
Conclusions
From the resu lts  obtained, I t  would appear tha t w ith in  the 
range 2.5 “  30 mg per ml, the depressant e ffec t o f albumin Is so 
s lig h t as to  be undetectable by the methods used. A s ig n ific a n t 
depression would begin to  be apparent only when albumin In 
concentrations o f 40 mg per ml and over are added to  the leve ls 
e x is ting  n a tu ra lly  In the serum.
3 1
SUB-SEC’Ï
XQ..Mtarm|.fte..Ji:lM..Ëf fe c t  O'f Acldtng Bovine Gamma Glofagin AQ Hypogamma-
g lpbul tnaeml.C Cal f  Serum
111 view o f the fa c t tha t the serum o f newborn calves Is markedly 
hypogammagîobylînaemîc u n t i l  lactog lobu lh is  have boon absorbed from 
tho colostrum, the ad d ition  o f gamma g lobu lin  to  such sera would 
a llow  a method o f qu a n tita tin g  the zinc sulphate tu rb id ity  te s t through 
tho range o f leve ls encountered n a tu ra lly . A preparation o f bovine 
gamma g lob u lin  Is ava ilab le  commercially, (Armour Pharmaceutical 
Company L td ., Eastbourne, England), which has been prepared by the 
Cohn fra c tlo n a tIo n  technique and Is tho equivalent o f fra c tio n  I I .
This has been used In the fo llow ing  experiment.
Exoerl.mpt
Ig~gaL9müigjüîa.Mlg&t^ i-y3aJiisiUJm~ÇitJflga3^
M )m JiLabu ir9.XAo«J.!ir.) t.o„ IW  Wy_e.R
were made up In d is t i l  led water at concentrations o f 4 and S mg. per ml.
respective ly . By means o f se ria l d ilu tio n s  from these concentrations,
so lu tions o f tho fo llow ing  concentrations were made up: 5, 3.75, 2.5,
1.25, 0.62, 0.31, 0.15 mg. per ml. and 4, 3, 2, 1, 0.5 , 0.25 mg, per ml.
Ouo to  the fa c t tha t 0.1 ml. o f serum Is used In the te s t,  these
concentrations are the equivalent o f the range from 50 to  1.5 mg. BQQ
por ml. serum. Serum samples were obtained from 10 newly born colostrum
deprived calves, s p l i t  in to  2 groups, each contain ing 5 samples and
submitted to  the zinc sulphate tu rb id ity  tes t using the standard
technique.
The tu rb id ity  te s t on tho samples containing BGG was performed as
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follows. Each concentrât Ion of BQQ In a series of dilutions was 
tested against 5 of the serum samples; therefore, for each concentration 
5 colorimeter tubes were set up and to each was added 5 ml of zinc 
sulphate solution. This solution was made up at a strength of 250 mg 
ZnSO^ /^H^ O per l i t r e .  In order to allow for the dilution which occurs 
when the globulin solutions are added. To each of the 5 tubes, 1 ml 
of the appropriate solution was added. F inally, 0.1 ml of serum was 
taken from each serum sample and added to one tube. Thereafter, the 
performance of the test was as described In the standard procedure.
The average turb id ity  obtained from each concentration of BGG used was 
calculated and the results are shown In Figure No. 1.6.
It  would appear that the relationship existing between the 
turb id ity developed by the zinc sulphate test and the concentration of 
BQQ added to the serum Is linear only up to levels of about 30 mg BQQ 
per ml. Thereafter, the turb id ity  would appear to Increase In an 
exponential manner.
Discussion
The regression equation for the correlation between zinc sulphate 
turb id ity and BQQ concentration below values of 30 mg per ml Is 
y « O.Bx « 0.2. Comparing this equation with the equation calculated for 
the correlation between zinc sulphate turbid ity and IgG concentration, 
namely y « 0.9?x 1.95* I t  would appear that the slope of the two lines
Is quite d iffe ren t. An explanation for this may be that during the 
process of fractionation of SGQ certain changes may have occurred In the 
structure of the gamma globulins which are reflected In the turbid ity  
reaction. In addition. I t  can be demonstrated by means of
Fîg. I *6, The e ffe c t on tho zEnc sulphate turbSdîty reaction o f 
adding a bovine gamina g lobu lin  preparation to  
hy pogammag 1 obit 11 naeni I c ca I f  serum.
BGG 
(mg/ml)
50?
40
30
20
5040.302010
Zinc Sulphate Turbidity Units
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Immunoelectrophoresis that the BGG Is not a preparation of pure IgG 
but contains traces of other globulin fractions (Penhaîe» personal 
commun Icat Ion).
Conclusion
The effect of adding known quantities of a preparation of 
bovine gamma globulin to hypogammaglobulInaemlc ca lf serum has been 
Investigated. A linear relationship appears to exist between the 
amount of BGG added and the turb id ity  developed by the zinc sulphate 
test only up to concentrations of about 30 mg BGG per ml. The reason 
why this relationship does not hold at higher concentrations of 
bovine gamma globulin preparation Is not known.
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I t  has gemoralîy boon accepted by a l l  workers who have used the 
zine sulphate tu rb id ity  to s t tha t I t  should be performed on serum 
rather than plasma* Tho reasons fo r  th is  are several* The e ffe c t 
o f whatever anti-coagulant Is  used on the tu rb id ity  reaction must bo 
ascertained* Heparin Is reported by Norn and Kovaes (Î959) to  cause 
a decrease In zinc sulphate tu rb id ity *  These agents vjhlch In h ib it  tho 
c lo t t in g  mechanism by se le c tive ly  binding calcium Ions may possibly 
Influence the reaction e ith e r by th e ir  e ffe c t on tho Ion ic strength 
o f tho reagents or In d ire c tly  by th e ir  e ffe c t on the calc I urn Ions*
Tho ro le  o f calcium In tho zinc sulphate tu rb id ity  reaction Is unknown* 
The action o f some ant I-coagulants Is not long and th is  may a llow  the 
development o f f ib r in  c lo ts  I f  samples are stored fo r  soma time*
F ina lly» tho e ffe c t o f va ria tio n s  In tho fibrinogen concentration may 
cause d iffe re n t tu rb id ity  readings from samples w ith  the same gamma 
g lob u lin  concentration*
Serum and plasma samples were taken from a group o f neonatal calves, 
Heparin was used as the anti-coagulant fo r  plasma samples* These samples 
were then submitted to  the zinc sulphate tu rb id ity  te s t and the resu lts  
obtained are shown In Figure No* 1*7* I t  v/ould appear tha t plasma gives 
a greater tu rb id ity  reaction than serum*
Fîg.  1.7. Comparison of the zinc sulphate turbidities developed by 
plasma and serum.
40 r
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The d iffe rence  î ii tw rb id îtîe s  between serum and plasma Is most 
marked In the samples w ith  the lov/est tu rb id it ie s ,  but becomes loss 
so In samples In tho higher ranges, Tho average plasma tu rb id it ie s  
were higher by ?.B, 5 .4 , g .I and 2.8 z inc sulphate tu rb id ity  un its  
than the corresponding serum tu rb id it ie s  In the ranges o f 0 to  10,
Î0 to  20, 20 to  30 and 30 to  40 respective ly .
The depressant action o f heparin on the zinc sulphate tu rb id ity  
reaction reported by Horn and Kovaes (19.^9) Is not apparent In these 
re su lts . Possibly th is  e ffe c t has been masked by the presence o f 
fib rinogen, 
on
Tho use o f plasma In place o f serum Is not recomj5^endod since the 
e ffe c t o f  fib rinogen Is not equal throughout the range o f tu rb id it ie s  
l ik e ly  to  be encountered.
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flopeatabU i tv  o f the. Zinc Sulphate Turbid8tv  Test 
To ascertaîn the re p e a ta b ility  o f the zinc sulphate tu rb id ity  
te s t,  the fo llow ing  exper I ment v/as performed.
I ,E. and.
Five separate determinations were made on s ix  d iffe re n t serum 
samples In the fo llow ing  manner.
A so lu tion  o f z inc sulphate (208 mg. ZnSO f^H^O per l i t r e )  was 
prepared In a volum etric f la sk  using d is t i l le d  water wiilch had been 
bo iled In order to  remove dissolved carbon d ioxide. This so lu tion  
was protected against the uptake o f carbon dioxide by the Insertion  o f 
a soda lima tube In to  the stopper o f the container.
The te s t was performed In sets of matched Î0 ml, co lorim eter 
tubes. For each serum sample a set o f 5 **control** tubes contain ing 
6 ml, o f d is t i l le d  water and B *‘te s t“  tubes contain ing 6 ml. o f the 
z inc sulphate reagent were set up. To each o f these tubes 0.1 ml. o f 
serum was delivered from an autozero high precis ion p ip e tte . The 
so lu tion  was then gently shaken In order to  ensure proper m ixing, and 
then the tubes were allowed to  stand a t room temperature fo r  60 minutes. 
A fte r th is  period# the tubas wore reshaken to  ensure an even suspension 
o f the p re c ip ita te  and then Inserted in to  an EEL co lorim eter, using
an I l fo rd  62) f i l t e r .  The meter had been previously zeroed on a
colorim eter tube contain ing 6 ml, o f d is t i l le d  water.
The resu lts  are shoivn In Table 1.5.
TABLE 1.5
The RoRmtakLllty of th% Z W  m i o W q  Twrhl^lty
Mean and Standard
Test Control Reading Deviation
SwfmJ. 11.5 2.0 9.5
11.5 2.5 9.0
10.0 2.5 7.5 9.0 £ 1.1
11.25 0.75 10.5
U .5 2.75 8.75
20.75 0.25 20.5
20.25 1.75 18.5
20.0 1.5 18.5 19.0 + 0.8
20.75 1.75 19.0
20.25 1.75 18.5
.s.8,rm.i 27.5 1.0 26.5
27.0 2.75 24.25
27.5 2.5 25.0 25.1 î  0.9
28.25 2.75 25.5
27.0 2.75 24.25
Seruw 4 34.75 2.25 32.5
33.5 2.0 31.5
35.5 2.0 33.5 33.0 î  1.4
34.0 1.75 32.25
35.5 0.25 35.25
38.75 1.25 37.5
39.5 1.25 38.25
39.75 1.0 38.75 38.1 + 1.1
39.5 0 39.5
37.5 1.0 36.5
41.5 I.S 40.0
43.0 1.75 41.25
43.5 1.5 42.0 40.9 £ 0.8
41.5 1.25 40.25
42.5 1.25 41.25
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Confilusîop
The standard devia tion calcu lated from a l l  the, determinations 
Is ±  0,97* I t  would appear, therefore , tha t In th is  laboratory the 
z inc sulphate tu rb id ity  te s t Is repeatable vilth  an accuracy o f about 
±  I u n it .
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Soforci attempting to  c a lib ra te  the zinc sulphate tu rb id ity  te s t,
I t  was found necessary to  ascertain what Influence ce rta in  fac to rs  
exerted on th© zinc sulphate tu rb id ity  reaction# Moreover, the 
re p e a ta b ility  o f the reaction remained to  be established#
Greater s e n s it iv ity  In measuring the amount o f tu rb id ity  
developed by the reaction was found by mo  o f a Slue^green f i l t e r  
( I l fo rd  No# 623)* Use o f th is  f i l t e r  Increased the s e n s it iv ity  o f the 
co lorim eter to  haemoglobin, but th is  source o f e rro r was minimised 
by the use o f con tro l samples.
The arrtount o f tu rb id ity  was found to  be Influenced by the 
temperature o f the reagents and the time aI lowed fo r  the reaction to 
develop. Varia tions In the temperature, especia lly  over produced 
large va ria tio n s  In the tu rb id ity .  This la t te r  fac t v/ould suggest 
tha t In the performance o f the te s t the te^nporature o f the reagents 
should bo con tro l lad and be loss than 2f5^ C#
Buffers used by other w rk e rs  had the e ffe c t o f rendering the 
zinc sulphate so lu tion  a lka lin e  and consequently depressed the development 
o f tu rb id ity .  That th is  should bo so may Indicate tha t the prevention 
o f carbon dioxide, uptake by the z inc sulphate so lu tion  Is an Important 
precaution, In add ition  to  the b o ilin g  o f the d is t i l le d  water p r io r  
to  making up the solution#
An Increase In the Ion ic strength o f the zinc sulphate so lu tion  
resu lted In a depression o f the tu rb id ity .  S im ila r ly , albumin had 
the e ffe c t o f depressing tu rb id ity  I f  added to  the z inc sulphate 
so lu tion  In concentrât Ians greater than 5 g* per 100 ml. I t  has been 
noted previously tha t concentrations o f th is  magnitude are not normally
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found and thoroforo  no co rrection  fac to r o r estim ation o f albumin 
concentration are necessary.
A preparation o f bovine gaima g lobu lin  (Armour) caused the 
tu rb id ity  to  increase Îna ilnear fashion im t lî  a concentration o f 
30 mg. per ml. was a tta ined . The devia tion from lin e a r ity  at higher 
concentrât long In add ition  to  the d iffe rence between tho regression 
equation calcu lated fo r  th is  preparation and the sp e c ific  Immune 
g lob u lin  fra c tio n s  (Section B) precludes the use o f th is  preparation 
in tho c a lib ra tio n  o f tho zinc sulphate tu rb id ity  reaction .
I t  was found tha t plasma samples gave r is e  to  higher zinc 
sulphate tu rb id ity  readings than tho corresponding serum samples. The 
e ffe c t o f fib rinogen was most marked In those samples w ith  the lowest 
tu rb id it ie s  but became less so when higher tu rb id it ie s  were reached. 
Scrum, the re fo re , would appear to  be the more su itab le  substance on 
whIeh to  attempt a c a lib ra tio n .
F in a lly , under standard cond itions, the te s t was repeatable w ith  
an accuracy o f j ;  1.0 u n it*
In view o f the find ings o f other workers and the re su lts  obtained 
from the preceding experiments, tho fo llow ing  technique was adopted 
In tho perform nco o f the z inc sulphate tu rb id ity  te s t.
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Considering the technlcoî d i f f ic u l t ie s  Inherent In obta in ing 
ana 0 rob I c blood samples together v^lth the fac t tha t the mineral o i l  
seal may I t s e l f  cause an elevated reading fo r  unknown reasons, Yotian 
and helnhold (1957), I t  was decldod not to  employ th is  technique.
A ll sera ware separated from the c lo ts  and no attempt was made to  
prevent the sera from eq u îîîb ra tîng  v/îth the atmosphere.
A so lu tion  o f z inc sulphate (208 mg. Zn$0^^?h^0 per l i t r e )  was 
prepared In a volum etric f la sk  using d is t i l le d  water which had been 
bo iled fo r  10 ** 15 minutes In order to  remove dissolved carbon dioxide. 
This so lu tion  was then kept In an a sp ira to r b o tt le  and was fu rth e r 
protected against the uptake o f carbon dioxide by the Inse rtion  o f a 
soda lime tube In to  the stopper. The asp ira to r b o tt le  was connected 
by means o f polythene tubing to  an autom atically dispensing p ipe tte  
(W. G. FIago s Sons L td ., Excéîo Works, Margate Road, iro a d s to tra , Kent) 
sot to  d e live r 6 ml. An Iden tica l arrangement was üsed to  d e live r the 
d is t i l le d  water fo r  the contro l tubes.
The te s t was performed In sets o f natched 10 ml. co lorim eter 
tubes. For each serum sample tested, a "contro l*' tube contain ing 6 ml. 
of d is t i l le d  water and a " te s t "  tube contain ing 6 ml. o f z inc sulphate 
so lu tion  were set up. To each o f those, 0.1 ml. o f serum was delivered 
from m  autozero high precis ion p ip e tte , (H. J. El 1 lo t L td ., E4411 
Works, T re fo ros t, Glamorgan). The so lu tion  was then gently shaken In 
order to  ensure mixing o f the reagents and tubes wore allowed to  
stand fo r  60 minutes a t room temperature, which was 20^C. A fte r th is  
time had elapsed, the tubes were shaken again to  ensure an even
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redistribution of the p re c ip ita te  and inserted into an EEL colorimeter. 
Using an Ilfo rd  No. 623 f i l t e r  (blue-green) tho colorimeter had been 
previously zeroed by means of a tube containing d is tille d  water. The 
turb id ity reading was found by subtracting the reading obtained from 
the "control" tube from that of the "test" tube.
In order to eliminate variations In the sensitiv ity  of the 
colorimeter and to fa c ilita te  comparison of the results obtained In 
th is laboratory with results possibly obtained In the future In other 
laboratories, the barium sulphate standard recommended by Shank and 
Hoagland (1946) for use In the thymol turb id ity test was adopted.
Three ml o f a barium ch lo ride  so lu tion  containing 1.15 g BaCI .^S^H^O 
per 100 ml were made up to  100 ml In a volum etric f la s k  w ith  0.2 N 
sulphuric ac id . The tu rb id ity  produced by th is  standard when measured 
under the same conditions as used In the zinc sulphate tu rb id ity  te s t 
was such tha t I t  caused a de flec tion  of 20 on the co lorim eter scale.
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Several workers have attempted to  co rre la te  the degree o f 
tu rb id ity  produced by the zinc sulphate reagent w ith  the concentration 
o f the g lobu lin  fra c tio n  o f serum# Kunkel (1947) found close co rre la tion  
between the tu rb id ity  and tho gamna g lobu lin  concentration as 
calculated from e lec tropho re tic  patterns o f 9 pathological sera 
showing approximately normal albumin concentrations# A co rre la tio n  
was shown also to  e x is t between the tu rb id ity  and the to ta l glofoyliri 
level as determined by the Howe F ractionation technique (1921a and b ) ,
A comparison was made by do la Huerga ot &\ (1950) between the resu lts  
o f two tu rb id ity  tes ts  and moving boundary e lectrophore tic  déterminât Ion 
o f gamma globulin# Tho tu rb id ity  tes ts  examined were the zinc sulphate 
reaction described by Kunkel (1947) and the gamtsa g lobu lin  tes t using 
a m ixture o f ammonium sulphate and sodium ch lo ride  as described by 
do la Muerga et a l (1958)* S ta t is t ic a l ly  the zinc sulphate method 
corre la ted  less w ell w ith  the e le c tro p h o ro tlca lly  determined gamma 
g lobu lin  (r 0.67) and the expected e rro r was almost tw ice that 
obtained using the ammonI urn sulphate/sodium ch lo ride  reagent. This 
was a ttr ib u te d  to  several fac to rs  such as the concentrât Ion o f serum 
l ip id  and albumin. A s im ila r co rre la tio n  was attempted by R icketts et 
al (1951) using the same techniques as the above authors. They found 
the co rre la tio n  between the tes ts  to  be w ith in  20% I f  the sera were 
from normal subjects# Portal and b i l ia r y  c ir rh o s is , however, caused 
marked d iffe rences between tu rb id îm e trîc  and e lec tropho re tic  values#
Oiscombe et ai (1954) performed duplica te estim ations on hS sera 
using the Kunkel reagent and zone electrophoresis to  determine the
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gamma g lobu lin  concentration. A close co rre la tio n  (r ^ 0,91} was 
found to  e x is t but the authors did not sta te  whether tho sera were 
normal o r no t, WlIson, Brown and Haînîîne (1957) found a co rre la tio n  
c o e ffic ie n t o f 0,59 In the re la tio nsh ip  botwaon ganma global in as 
determined by moving boundary oloetrophoresis and zinc sulphate 
tu rb ld ity ,  Adner (1957), however, found a very closo c o rre la tio n  
(r "5 0.88) between zinc sulphate tu rb id ity  and gamma g lobu lin  
concentration as measured by zone electrophoresis. These e s t iim tions 
ware made on samples taken from pa tien ts su ffe ring  from a wide range 
o f diseases, but were solacted in so fa r  as they a l l  had increased 
erythrocyte sodimental Ion rates.
Using the modified le s t,  Aschaffenburg, (1949) demonstrated 
tha t changes In tu rb id ity  were accompaniod by changes In tho euglobal in
n itrogen and to ta l nitrogen o f c a lf  sera. No attempt was made to
obtain a c loser c o rre la tio n  between the re su lts . NeImann^Sorensen, 
Konggaard end Kruse (1966) found a close co rre la tio n  (r -  0.93) between 
the zinc sulphate tu rb id ity  and the gamma g lobu lin  concentration as 
determined by zone eîoctrophorasîs o f c a lf  serum. Using th is  co rre la tio n  
tu rb id it ie s  were expressed as re la t iv e  parconloges o f gamma g lobu lin  
by use o f the formula:
Relative Percentage ,  ~ ’«3 transmission)
o f Gamma G lobulin O^.o34
The constant 0.634 was found by determining tho leve ls o f gamna g lobu lin
In the serum o f 10 norm  1 cows.
Oatterson (1967) a lso found # c a rre la i ion to  e x is t between the 
degree o f tu rb id ity  developed by the zinc sulphate te s t and the gamma 
g lobu lin  concentrât ion as determined by zone e lectrophoresis, expressed 
o ith o r as a percentage o f to ta l p ro te in  (r 0.942) o r gms/100 ml o f
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serum (r -  O.887) .  The turb id ity  was found to be inversely related 
(r « •*0 .508) to the albumin globulin ratio  for values up to 0 . 83.
No references have been found In which quantitation has been 
attempted by adding various amounts of a gamma globulin preparation 
to normal or hypogammaglobulînaemte ca lf serum. Adner (1957) noted 
the effect on the zinc sulphate turb id ity  test of adding gamma 
globulin to serum taken from a patient vAth agammaglobulînaemîa. At 
levels greater than 1 gm/100 ml there was a linear response between 
the optical density of the turb id ity produced and the gemma globulin 
concentration.
In the vrfork described in Sub-section F of the preceding section 
it  was found that a linear response existed between the concentration 
of bovine gamma globulin added to hypogammaglobulInaomIc serum and 
the zinc sulphate turb id ity  reaction. At concentrations higher than 
30 mg per ml, however, the turb id ity reaction appeared to increase 
exponentially. Because the reason for this is not known and in view 
of divergencies found by various workers In the correlation between 
ganma globulin concentration and zinc sulphate turb id ity  In man. I t  
was decided to Investigate how close the relationship was In neonatal 
ca lf serum. Attempts have therefore been made to correlated the zinc 
sulphate turb id ity  with the total protein concentration, the total 
globulin concentration and the concentration of IgG.
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Subsection a)
Çorfelation of the Zinc Sulphate Turbldltv Tostw ith Total Serum
giroteliiConcentratJon
It  (iqs bQsn found that newly born unfad calves have a protein 
concent ret Ion of about 4.2 cjms/lOO ml serum (Roberts, IB54;
Pierce, 1955a). Protein c^ctSmatlons made on the serum of 30 newly 
born colostrum deprived culves, born at the University Veterinary 
Hospital, revealed concentrot Ions of 4.4 ^ 0.25 0 per 100 ml. Since 
the Increase In total protein concentration subsequent to the Ingestion 
of colostrum Is due almost entire ly to Imnune globulins, the zinc 
sulphate tu rb id ity  test may provide an Indication of the serum protein 
concentration.
In order to Investigate this possib ility , the zinc sulphate 
tu rb id ity  test was performed on the sera of gO neonate 1 calves. The 
total serum protein concentration of these sere was then measured and 
compared with the tu rb id ity  readings. The results are shown In 
Figure 1.8.
0|gfius^lpn
There would appear to be a highly significant correlation (r « 0.76, 
p < 0.001), between tho zinc sulphate turb id ity test and the total 
serum protein concentration* The regression equation for th is  
correlation has been calculated as y « O.lx 4.01* I t  w ill be noticed 
that the regression line Intercepts tho y axis at 4 g per 100 ml, a 
value which Is not very d ifferent from the values found by other authors* 
Conclusion
A significant correlation vas found between the zinc sulphate 
tu rb id ity  tost and the to ta l serum protein concentration*
F i g .  Î . 8 .  C o r r e l a t i o n  b e tv /o e n  t o t a l  s e ru m  p r o t e i n  c o n c e n t r a t i o n  a n d
t h e  t u r b i d i t y  d e v e lo p e d  b y  t h e  z i n c  s u l p h a t e  t u r b i d i t y  t e s t .
r =* 0 '959
i otal
Serum
Protein i
g I'lOOrni
10 20 30 40 50
Zinc Sulphate Turbidity Units
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SUB-SECTIOM B
Correlation of the Zinc Sulphate Turbidity Test with Total Serum
Qlobulln Concentration
It  has been shown by Pierce (1955a) that a fter the Ingestion of 
colostrum and during the f irs t  few days of l i f e ,  changes occur In the 
absolute and re lative values of the serum globulin fractions. The most 
marked of these changes are found In the gamma globulin fraction and are 
probably associated with the equilibration of the Immune globulins 
between the Intravascular and extravascular spaces. To determine whether 
In spite of these changes a correlation could be found between the 
turb id ity developed by the zinc sulphate test and the to ta l globulin 
concentration, the following experiment was performed.
Experiment
The turb id ity  readings of 50 neonatal sera were determined by 
the zinc sulphate test as described previously.
Using 12 x 2.5 cm cellulose acetate strips (Oxold L td .,
Southwark Bridge Road, London, S .E .l) electrophoresis of the serum 
samples was carried out. A barb I tone n*^octoat© buffer of pH 8.6 was 
used and a current of ImA per s trip  was applied for 2 hours. The 
strips were fixed In 5% trichloracetic acid and then placed for 
10 minutes In a staining solution containing 0.2% Ponceau S In 3% 
aqueous trich loracetic acid. After staining the strip  was washed In 
several changes of 5% aqueous acetic acid until the background was 
completely white. The strip  was then scanned using an EEL Scanner 
(Evans Electrosel en Ium Ltd., Halstead, Essex, England), and the 
re lative proportions of albumin and globulin were determined by cutting 
the tracing Into albumin and globulin sections and then weighing them.
F i g .  Î . 9 *  C o r r é l a t i o n  b e tw e e n  t h e  t o t a l  se ru m  g l o b u l i n  c o n c e n t r a t i o n
a n d  t h e  t u r b i d i t y  d e v e lo p e d  b y  t h e  % ln c  s u l p h a t e  t u r b i d i t y
t e s t .
S-Oii
y =  0 *096x  + 1*68 
r 0■ 890
7 0
5 - 0  r 
Total I
Globulin 1
4 -0  r  
(g / l0 0 m!)|
3 0
10 20 3 0 4 0 5 0
Zinc Sulphate Turbidity Units
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The biuret method described by Varley (1963) was used to 
estimate the serum protein concentrât Ion. The test was standardised 
by use of a commercially prepared standard of known protein 
concentration (Versatol, W. R. Warner and Co, L td ., Eastleigh, 
Hampshire, England).
Discussion
There appears to be a highly significant correlation (r =* O.89, 
p <  0.001), between the zinc sulphate turbid ity test and the total 
globulin content of the sera. The regression line calculated for this 
relationship was y « 0 ,96x  ^ 1.68. The regression line Intercepts the 
y axis at a value of 1.68 g per 100 ml. This compares with the values 
of total globulin of newborn colostrum deprived calves obtained by 
Roberts, Worden and Rees-Evans (1994) and Pierce (1959a, 1961b), 
Conclusion
A highly significant correlation was found to exist between the 
zinc sulphate turb id ity  test and the total serum globulin concentration 
In neonatal calves.
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Tho zhio sulphate turb lcU ty tos t doserÎbod by Kunkel (1947) was 
designed s p o c îflc a lîy  to moosum the re la t iv e  Increases In gamma 
g lobu lin  concentrât ion which occurred In ce rta in  human diseases, in 
tho o r ig in a l paper, Kunkel demonstrated that by increasing tho concentrât Ion 
o f tho reagent used a corresponding increase occurred In tho percentage 
o f p ro te in  p re c ip ita te d . Use was made o f th is  fa c t by Aschaffenburg,
(1949c) In h is  adaptation o f the to s t fo r  use In neonatal c a lf  serum.
This tos t has now become one which measures the absolute concentrât Ion 
o f  gaïïsna g lob u lin  ra ther than Increases above sp e c ific  leve ls . In 
view o f the clos© co rre la tio n  obtained between the zinc sulphate tos t 
and the to ta l g lobu lin  concentrât Ion, an attempt was made to  dotormino 
what re la tio n sh ip  existed between th is  te s t and the immune g lobu lin  
concentration o f serum,
iWwAwiiW^
A series o f S3 c a lf  sera on vjhlch tho zinc sulphate tu rb id ity  
te s t had been performed woro sent to  Dr. W, d, Fonhale, Department o f 
Veterinary Pathology, Royal (Dick) School o f Veterinary Studies,
Edinburgh# v^hore determinations o f tho IgQ and îgH concentrations were 
made w ithout knowledge o f the z inc sulphate tu rb id ity .  The Immuno 
g lobu lin  concentrât Ions were dotormlned by a q u a n tita tive  Î mmuno*» 
d iffu s io n  technique# Penhale and C h ris tie  (1968). The co rro la tion s  
e x is tin g  between the z inc sulphate tu rb id ity  to s t and the concentration 
o f IgR, IgM and lg(a plus IgM are shown In figu res nos. Î.30# Ï . I I#  1 .12 
respective ly .
F i g .  I . 1 0 .  C o r r e l a t i o n  b e tw e e n  t h e  s e ru m  îgG c o n c e n t r a t i o n  a n d  t h e
t u r b i d i t y  d e v e lo p e d  b y  t h e  z i n c  s u l p h a t e  t u r b i d i t y  t e s t .
50
0-959
40 Î
30
Ig G
ml )
20
0 30 5020 4 01 0
Zinc Sulphate Turbidity Units
F ï i >  K î l *  C o r r e l a t i o n  b e tw e e n  t h e  s e ru m  IgH  c o n c e n t r a t i o n  and t h e
t u r b i d i t y  d e v e lo p e d  b y  t h e  z i n c  s u l p h a t e  t u r b i d i t y  t e s t .
7?
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i’ îg . Î . I2 ,  C orre la tion between the serum înmme g lobu lIn  (IgG IgM)
concentrât Son and the tu rb id ity  developed by the zinc 
sulphate tu rb id ity  tes t*
50
1 -0 7 x -  2*17
= 0*962
40
30
50403010 200
Zinc Sulphate Turbidity Units
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Them Is e highly significant correlation (r »« B.9S9# p <  0.001) 
between tha IgO concentration and tho turbid ity developed by the zinc 
sulphate turb id ity  tes t. A regression equation was calculated as 
y Ï» 0.97k  ^ I*95 p when y 3^, #g@ concentrât Ion (mg per ml) and x zinc 
sulphate turb id ity (ZST un its).
•») M L
Again# there Is a highly significant correlation (r 0.780# 
p <  0.001) between the IgH concentration and the zinc sulphate turb id ity  
tes t. The regression equation expressing th is relationship Is y «*
O .lx ** 0 . #  when y IgH concentration (mg per ml) and x «» zinc sulphate 
turb id ity  (ZST units).
The correlation existing between the sum of the Individual Immune 
globulins and the zinc sulphate turb id ity Is the highest yet obtained 
(r =* 0.962# p <  0.001) and the regression equation is y 4* l.07x -*» 2.17 
when y (IgG and IgM) concentration (mg per ml) and x » zinc sulphate 
turb id ity  (^ST units).
These results Indicate that the turb id ity developed by the zinc 
sulphate tofât Is Influenced mainly by the concentration of IgG and to 
a lesser e;ttent by the IgM concentration.
Jones (1067) using urea starch got electrophoresis and the zinc 
sulphate turb id ity  test as described by Patterson (1967) fa iled  to find  
any relationship between the turb id ity  readings and the presence of IgG 
In 12 calves. Further work (Jones# 1968) using tho same sera and the
5 0
(nmmW* f  fusion method of astîmatîng IgG* Penhalo and Christie (1^ 8 )  
showed that a correlation did exist. A oooffIclent of correlation of 
0.75 was found between the zinc sulphate turb id ity  reaction end the 
100 concent rat Ion.
Because of the high correlation between this test and the Immune 
globulin concentration of serum# there exists tho possibility that the 
test my bo used on serum samples from other ages of animals or on other 
biological flu ids , e.g . colostrum or cerebmspînaî f lu id . Whereas a 
correlation my ex is t, I t  is probable that It  my not be the same as 
that found for neonatal ca lf serum, tho main reasons for th is  difference 
being the prosenco of other protein fractions and tho influença of 
different; ionic strengths. For example, In tho preparation of 
colostrum v/hey, rennet Is often used, which has a high salt content.
This would tend to depress the turb id ity reaction.
Highly significant carrelât ions wore found to exist between 
the zinc sulphate tu rb id ity  test and the concentration of t i#  serum 
immune globulin fractions (IgG end IgH).
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There îs q h igh ly  s ig n ific a n t re la tlonsh ip  between the a Inc
sulphate tu rb id ity  te s t and the to ta l p ro te in  concentration* the
to ta l g lobu lin  concentration and the Iranune g lobu lin  (IgG and IgH) 
concentrât Ion o f neonatal c a lf  serum. The equations expressing 
these re la tionsh ips are given below* x « the zinc sulphate tu rb id ity  
expressed In un its* r -j c o e ffic ie n t o f co rre la tion *
lataJUaLcatala (y) a- per loo mi.
y -  Ô*îx 4*01 r  0*909
Total g lobu lin  (y) g* per 100 ml *
y o.ogBx 1 *68 r -  0*890
ia£ (y) mg. par mi*
y « 0*97k -  1.95 r ^ 0*909
,M t (y) mg* per ml *
y *» 0* Ix  0*24 r ’’s 0*780
JiSi_gaiJa!i (y) mg. parm i.
y " l.07« - 2.17 r = 0.962
m u i
USE OF THE ZINC SULPHATE TURBIDITY TEST
IN NEONATAL CALVES
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In tho previous section I t  was established that the zinc sulphate 
turb id ity  tost gave an accurate estimation of tho liwiune globulin 
content of ca lf serum. I t  was decided, therefore, to apply this test 
to tho scrum of neonatal calves passing through the University 
Veterinary Hospital. These calves were predominantly Ayrshire bull 
calves vjhlch had been purchased In local markets and wore of approximately 
one week of age. The principal objects of this Investigation were to 
ascertain normal serum Immune globulin levels, the ir relationship to 
neonatal disease, and the changes which occur In tho Immuno globulin 
levels during early l i f e .  Before describing the results of these 
InvestlgatIons I t  Is relevant to review b rie fly  the lite ra tu re  concerning 
the Immunological status of the newborn ca lf with particular reference 
to neonatal disease.
a) îhe Immunological Status of the Newborn Calf
1) Presence pf l^punonjobulIn at Birth
Tho presence of ImmunoglobulIn In newborn c a lf serum was not 
detected by ea rlie r w rkors, Howe (1921, 1924), Jameson, Alvarez-Tostado 
and Sortor (1942), Smith and Holm (1948), Poison (1903). Small amounts, 
however, have been detected by other v/orkors. Hansen and Philips 
(1947) noted small but consistent anK^ unts of gamma globulin by the 
electrophoresis of tho serum of newborn unfed calves. Using salt 
fractlonatlon, Aschaffenburg (1949) found measurable amounts of euglobulIn 
In a l l  but one of a series of calves, Roberts, Worden and Rees-Evans 
( 1954) found that tho euglobulln psoudoglobulIn I fraction averaged 
0.20 j; 0.16 g. per 100 m l., I*©. 0.9% of the total serum protein.
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Pîorco found levels of about 1.4% (1950) and 3% (1961), and Johnson 
and Pîorcô (1959) detected levels of about 2%. Kniazeff, Rltroier and 
Gaota (1967) using an Immunodiffusion technique detected the presence 
of ganmia globulin In 7 out of 40 foetuses botween four end sIk months 
of gestation.
Hanson and Philips (1947) using colostrum deprived calves noted 
m  Increase In the re lative  arcmmt of gamma globulin between one and 
8 weeks of age. Smith and Holm (1940) using colostrum fed calves 
followed over four months the development of the ganvna globulin fraction  
and tho decline of the Immune lactoglobulin component. These v#orkers 
found an Increasing concentration of gamma globulin a fte r 50 days of 
ago. A gradual Increase In tho euglobulln pseudoglobulIn I fraction  
was found by Roberts a f . (1954). In colostrum deprived calves this  
fraction Increased from birth  until at 70 BO days of age there was a 
concentration of 1 g. per 100 ml. of serum. Approximtoly similar 
values were found by Pierce (1955) In a study which lasted over the 
same period, By 70 BP days colostrum deprived calves had serum 
concentrations of gamma globulin of about 1 g. per 100 ml. In colostrum 
fed animals by the 10th day of U fo  active synthesis of Immune globulin 
was suggested by the development of & second component In the lactoglobulIn 
p ro file . In 3 out of 4 p artia lly  colostrum deprived calves the production 
of ganma globulin began within the f irs t  five days of l i f e  with an 
Increase In the gamma Î globulin fraction. Varnoll# Erwin, Smith and 
Fleming (I960) detected a re lative Increase In the gamma globulin fraction  
between the 7th and l4th days of l i f e  In colostrum deprived calves.
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Johnson and Plorco (1959) using eloctrophorotlc and ultraoentrlfugal 
techniques also found a gradual Increase In the autogenous gamma globulin 
a fte r one week# and Pierce (1961b) showed by electrophoresis In colostrum 
deprived calves the early development# under one week, of serum gamma 
globulin.
The decline of euglobulln«*pseudoglobulln 1 fraction during early
l i f e  was f ir s t  described In the ca lf by Howe (1924) using a salt
fractionation technique. Smith and Holm (1940) performed electrophoretic
analysis on the serum proteins of a c a lf and found that the colostrum
globulin Increased logarithmically and had a half l i f e  of 20 days. They
suggested that the true half l i f e  would be greater than the calculated
value since the animal was grm/Ing rapidly and dilution of the Immune
globulin would occur. Using a modification of How«*s technique,
Roberts (l% 4 ) found that the rate of decline of the serum
euglobulIn^pseudoglobulIn I fraction In colostrum fed calves was
In it ia l ly  fas t, but slowed down gradually, I .e .  apparently logarithmic.
No attempt was made to calculate the half l i f e  of th is fraction. Dixon,
Talmage, Haurer and Delchmlller (1952) In a study of the half l i f e  of 
I ^ 1 I labelled homologous gamma globulin In 7 d ifferent species found an 
average half l i f e  of 21.2 « 1.7 days In 2 steers and 2 non** I acta ting 
cows. In a la te r study a half U fa  of 10 days was observed In adult 
Holstein cows (Dixon, Welgle and Vazquez, 1961). I t  was suggested from 
these findings that Immature ca ttle  have a lower rate of seriatî protein 
catabolism than adults. In normolmmunoglobulInaemic adult c a ttle ,
Nansen and Nell sen (1966) using ^^ 1^ labelled IgG found a mean plasma 
half l i f e  of 15.7 days.
Pierce (1955a,b) made detailed electrophoretic and Immunological
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stuclîas o f the. changes taking place în the sera o f colostrum fed and 
colostrum deprived calves during the f i r s t  80 days o f l i f e .  The early  
autogenous production o f Immune g lobu lin  complicated the ca lcu la tio n  
o f the ra te  o f e lim ina tion  o f passively acquired lac tog lobu lln  due to  
the formation by 10 days a fte r  b ir th  o f 2 components replacing the 
s ing le  lac tog lobu lln  component. He also found tha t minimal 
concentrât Ions o f ganmna g lobu lin  occurred botv/aen tho 40th and 60 th 
days. S im ila rly  Varnell at a l . (I960) found tha t the re la t iv e  
concentration o f gamma g lobu lin  was lowest during approximately the 
same period. U nfortuneto Iy absolute values ware not given.
Fennesfcad and Borg^’Petersen (1962) found tha t at 1|2 days' 
gestation the c a lf  foetus responded to  teplfospIra saxkoebInn by 
producing antibodies. At b ir th  Brown (1958) found the colostrum 
deprived c a lf  or tho c a lf  from a non"*Immune dam to  bo capable o f 
responding to  Rindorpest vaccination. This find ing  was confirmed by 
S trick land  (1963). Smith and Ingram (1965) found tha t the acqu is ition  
o f immunological competence occurred at d iffe re n t ages and depended on 
the ch a ra c te ris tic s  o f the antigen. Using human serum albumin by 
Intravenous and Intramuscular Inoculation they fa ile d  to  produce a 
detectable response. When th is  antlgesi was combined vjîth Freund's 
Incomplete adjuvant and Inoculated at one day o f age, antibody 
production was detected w ith in  7 8 days. On the other hand, no
response to  KIebsje l la  gnoumonIae polysaccharide occurred In calves 
inoculated v/hllo under one month o f ago.
C a rro ll, Thoîîen and Leighton (1968) Investigated the Immunological 
competence o f thymeetomised neonatal calves. Three thyrneetomlsod and 
one contro l c a lf  v/oro used. Using as antigen egg albumin w ith  Freund's
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complete adjuvant and tetanus toxo id , these workers detected by the 
4th week a fte r  the in i t ia l  Inocu la tion , tho presence o f p re c lp lt ln s  
to  tho tetanus toxo id . P re c lp ltln s  to  egg albumin were detactod only 
In one o f the thymectomlsod calves and not In tho con tro l c a lf .
Other authors have also shown tha t the a b i l i t y  o f the very 
young calves to  respond to  antigen ic s tim u la tion  Is lim ite d  and varies 
w ith  the qua 11ty o f tho antigen. Kerr (1956) compared the response to  
Inoculation w ith  antigens prepared from Sœ.eJlla.j6aLîi!g. «"d SaJiiio.nel.Ja. 
dub lin . Five o f tho C> calves wore Inoculated a t seven days o f age and 
d id  not respond by producing detectable c irc u la tin g  an tibod ies. When 
re Inoculât Ion took place at 4 months ant ibodies ware detectable in 
some cases w ith in  3 days, suggesting a secondary response and hence 
a previous se n s itisa tio n . Nagy and HIgnott (1967) exposed newborn 
calves to  a very heavy doso o f Bg i&eUjjt j^ bor l u .^ In the m ilk  fo r  the 
f i r s t  15 days o f l i f e .  Act Ivo production o f agg lu tin ins  was not 
détectable In the sera o f the 6 te s t calves u n t il 20 •* 38 days o f 
age and tho t i t r e s  remained low. On subsequent challenge by parenteral 
exposure to  ^ secondary response vtas obtained.
HcDlarmid (1946) measured the decline In tho serum agg lu tina tion  
t i t r o  fo r  Brueelja, abort,us and found that tharo was a steady logarithm ic 
ra ta  o f decline from week to  week. Smith and Holm (1948) studied the 
ra ta  o f dec 11 no o f passively acquired antibodies to  3 d iffe re n t antigens. 
These antigens wore d iph theria  toxo id , a k i l le d  cu ltu re  o f Haamqph,iJ„u,s 
pertussis and Vaccinia v iru s . They estimated that the h a lf  l i f e  o f 
d iph theria  a n tito x in  was 16 days, whereas .Haamqph I l us per  tu s,s i r* and 
Vaccinia antibodies had a h a lf l i f e  o f about 58 days.
The rates o f decline o f passively acquired antibodies to  Bruce1 la 
a,bo^rtus and T,r I chomgna s fa c t us wore measured by Kerr and Robertson (1954)
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Tlioy found tha t both were elim inated lo ga rithm ica lly  and had 
approxiim te h a lf  live s  o f between 14 and 20 days, although In one 
c a lf  w ith  a very high I n i t ia l  t i t r e  to  the ra te appeared
to  be 57 days. Pierce (1955b) also studied the ra te o f e lim ina tion  
o f tho agg lu tina ting  antibodies to  found that i t  v/as
logarithm ic.
Tho ra te  o f e lim ina tion  o f passively acquîrod n e u tra lÎ sing 
antibody to  Rinderpest was measured In calves by Brown (1950). Me 
os tab IS shed the mean h a lf  U fa  o f th is  antibody as 36.7 days and 
the e x tin c tio n  po in t as 10.9 months. This work was supported by 
S trick land (1962) who studied the thermal reaction o f calves to  
Rinderpest vaccine. Whereas no reaction occurred In calves under 
four months o f age and born to  Immune dams the percentage o f calves 
which did react Increased w ith  ago u n t il by 8 «■ 9 months 95% reacted, 
in another study o f the decline o f Rinderpest n e u tra lis in g  antibodies 
Singh, Osman, SI Cicy and Baz (1967) found tho h a lf l i f e  o f maternal 
antibodies In b u ffa lo  and Friesian calves to  bo JO and 29 days 
respectivo ly .
Graves (I96J) studied tho persistance o f neutral I sing antibody to 
Foot and Mouth disease. He found tha t the n e u tra lis in g  antibody had 
a h a lf l i f e  o f betv/aen 15 and 19 days.
Col Ine t, Kaeckenbeeck and Schoenaors (1961) used tho agg lu tina ting  
ant I bodIes to F. col I to  measure the ra te  o f e lim in a tio n . They concluded 
tha t the h a lf l i f e  o f these antibodies was between 20 and 27.6 days, 
the mean value being 23.2 days.
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ac tive  imr^ Tunity
There îs evkionce tha t passively acqtilrod înm m îty in te rfe res  
to  some extent v/ith the a c tive  synthesis o f specific, antibody. This 
has been demonstrated by tho fa ilu re  o f passively immune animals to  
respond to  vaccination in a manner s im ila r to  animals o f the same 
age e ith e r born o f non immune dams or having been deprived o f 
colostrum. There are many examples o f th is  piienomenon în other 
species, e.g. dog, G ille sp ie , Baker, Burgher, Robson and Gilman (195Û); 
sheep. Batty, Thomson and Mepple ( I954) and man, Perkins, Vctts and 
Gaisford (1959). Because o f th is  s ta te  vaccination o f young animals 
is  not usually ca rried  out t i l l  they are over one to  two months o f age.
Hemming ( I953) attempted to  vaccinate the calves o f cows 
previously Immunised w ith  a fo r w l Ised Imeno 11 a dublln  vaccine. No 
appreciable aggUitlnogenlc response was obtainable from any o f those 
calves although the m a jo rity  o f calves born to  unlmmunlsod cows 
showed a d e f in ite  r is e  In the H t i t r o  7 days a fte r  the f i r s t  
Inocula tion. This blocking e ffe c t persisted u n t il at least JO days 
a fte r  b ir th  and as the passively acquired agg lu tin ins wore 
demonstrable In the sera o f these calves fo r two to  three months, i t  
was suggested tha t a response to  vaccination might not bo obtained 
u n t i l  th is  time. Roberts ^  (1954) noted that the antibody
response o f colostrum deprived and colostrum fed calves to  inoculation 
w ith  a heat""k11 lad S q lm ne lja  dubl In vaccine was s im ila r* These 
workers, however, did not describe whether ,%a,li^ p e l. la ^ubl jn  
antibodies were present o r absent in the colostrum.
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Brown (1950b), found that tho serological rosponso to 
caprinIsed Rinderpest vaccine depended on the level of passive 
Immunity. There appeared to he upper and lower levels of Immunity 
above and below which there was no or a good response respectively.
Tho response of animals lying within these lim its appeared to be 
Inversely proportional to  the Inoculation t i t r e .  Strickland (Î902) 
using the same vaccine, supported Brown's work In that he found calves 
up to four months of ago and horn of Immune dams fa iled  to respond 
to vaccination. Between four and nine months there was an 
Increasing percentage of responses.
The effect of vaccinating with Inactivated Foot and Mouth 
Disease virus two three^week old calves horn from an Immune and a 
susceptible dam was studied by Graves (1963) and the responses 
compared. The susceptible c a lf responded In a way sim ilar to tho 
susceptible adult animal, whereas there was no response from the 
passively Immune c a lf . When revaccinât Ion was carried out 120 days 
la te r, the In it ia l ly  susceptible c a lf showed a defin ite  anamnestic 
response and the other gave a primary response.
b) Jhp relationship between serurp Immune globulin levels and neonatal
Alasg.iÆ
The relationship between colostrum deprivation and 
susceptibility to disease was noted In calves by Smith and L it t le  
(1922). In a series Involving 22 newborn calves, 8 o f the 12
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colostrum deprived calves died and I was k i l le d  In a moribund sta te . 
Among tho 10 calves which received colostrum there were no fa ta l i t ie s .
The importance o f feeding colostrum has been re-emphasisod by 
subsequent v/orkars, McEvjen (1950) noted the marked pro tect I vo e ffe c t 
found by feeding calves from a common pool o f colostrum* The resu lts  
o f the various t r ia ls  described by MeEwan give strong support to  the 
Importance o f Immune g lobu lins to  the Ccilf. Of a l l  the calves which 
were given Immune g lobu lins by various means, e.g. by feeding 
colostrum, colostrum whey or bovine serum or by In je c tion  o f 
colostrum whey or bovine serum only h (5.7%) out o f 70 died. The 
mortal I ty  rate amongst calves deprived o f colostrum or other source 
o f Immune g lobu lin  was 20 (71.4%) out o f 28,
Aschaffenburg and coworkers (1949a, b, 1951 a, b) In a series 
o f papers observed tha t only the calves whIch received the aqueous 
fra c tio n  o f colostrum made sa tis fa c to ry  progress. The others which 
received d iffe re n t fra c tio n s  e ith e r died or fa ile d  to  make 
sa tis fa c to ry  vjoight gains. These workers found tha t some degree o f 
pro tection was given by 80 ml o f the aqueous fra c tio n  or 14 grns o f 
immune lactoglobul in In that, these quan tities  prevented deaths but 
did not prevent diarrhoea or a llow  norma! weight gains,
Ingram, Love ll, Wood, Aschaffenburg, B a r t le t t ,  Ron, Roy and 
Sears (1953) showed the value o f colostrum to the newborn c a lf*  Of 
103 colostrum deprived animals, only 9 (8*7%) survived, whereas 118 
(73.3%) o f 161 colostrum fed animals survived. Unfortunately, the 
serum immune g lob u lin  concentrations o f calves fed colostrum were
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not ascertained by any o f the workers mentioned previously, and so 
the proportion o f colostrum fed calves which were In fa c t s t i l l  
hypogammaglobulInaemlc Is s t i l l  unknown. In retrospect i t  is  
possible that a high proportion o f the colostrum fed calvos which 
died and which were described by these authors wore In th is  s ta te . 
Fey and Hergadant (îSbî) examined the serum o f calves which 
had died as n a tu ra lly  occurring cases o f col * septicaemia. Of the 
22 cases examined 21 (95*5%) were hypogammaglobuUnaomlc or agaroma*- 
globu 11 naemlc as measured by a semi -«quant I ta t 1 ve i iwnunodl f  fus Ion 
te s t, in comparison 5 (10,9%) out o f 46 calves of the same ago had 
more or less pronounced hypogîobuîInoemla In sp ite  o f having been 
fed colostrum. The p o s s ib il i ty  o f th is  defic iency being due to  a 
lack o f gamma g lobu lin  In the colostrum was examined by Fey and 
Hunyady (1962), From 51 samples they found that the mean 
concentrât Ion o f gamma g lobu lin  in the colostrum whey was 7,8 2.2
gms per 100 ml. These figu res suggested that I t  Is u n lik e ly  that 
there Ib an absolute defic iency o f gamma g lobu lin  In colostrum. 
Smith (1962) using the xinc sulphate tu rb id ity  to s t 
described by Aschaffenburg (1949) noted a large va ria tio n  In the 
tu rb id ity  level o f Jersey b u ll calves which had boon lo f t  w ith  
th e ir  dams fo r a period o f 48 hours a fte r  b ir th .  Six calves o f the 
52 tested had tu rb id ity  readings below 5 as measured on an 
absorptlometer. Tho others ranged from th is  level to  80 . Three 
o f these 6 calves eventually developed a bacteraemla. In ad d ition , 
there appeared to  bo no co rre la tio n  between tho amount o f Immune 
lac tog lobu lln  absorbed and the severity  o f diarrhoea developed by 
th© c a lf .
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Gay, McKay and Barnum (1964a), In a study o f tho antibody 
acquired by calves as a resu lt o f vaccination o f the dnnv found 11 
(13.25%) out o f 83 calves to  have low o r negative antibody t i t r e s  to  
the 0 and K antigens o f ce rta in  s tra in s  o f £. c o l l . Six of these Î Î  
calves were hypogatBsaglobuUnaemlc and 3 o f those C> died o f 
col Ibac11 lo s is .
Many v/orkers have attempted experimentally to  reproduce 
col I septicaemia using s tra in s  of co.ll. Isolated from n a tu ra lly  
occurring cases (Schoenaers and Kaeckenbeec, 1958; Fey, 1962; Smith, 
1962; Gay, McKay and Barnum, 1964). in general, attempts have fa ile d  
I f  use Is made o f calves v/hlch have been allowed access to  colostrum. 
Tho association o f K antigens w ith  pathogenic s tra ins  o f £ . col I 
Isola ted from septlcaemic calves (Briggs, 1951a, b) has suggested 
tha t the p ro tec tive  fa c to r In colostrum might be the presence o f 
antibody against th is  antigen. This view was prormted by the work 
o f Ingram and h is  col leagues (1953, 1956), but since then I t  hag 
become apparent tha t K agg lu tin ins  are not the Immune fac to rs  which 
pro tect calves. A c r i t ic a l  rev I@w o f the nature o f the pro tect Iv., 
o ffered by colostrum has been made by Gay (1965).
In the United Kingdom several surveys have recorded tha t 
Incidence o f deaths In calves Is seasonal, la te  w in te r and early  
spring being the worst periods (Jordan, 1933; Love11 and H i l l ,  1940; 
Wlthere, 1952, 1953; Veterinary Investiga tion Service, 1964), In 
southwest Scotland tiiany farmers have d i f f ic u l t y  In rearing newborn 
ealve% and during the months o f January to  A p ril a very heavy death
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rata îs axperîencQd ( In g lls ,  Î960). Many reasons have been forwarded 
as to  vjhy th is  should bo so, most o f thorn faU In g  in to  the categories 
o f In fe c tio n , n u tr it io n ,  housing, stockmanship and tran spo rt. These 
aspects have been described in several review a r t ic le s  ( In g lls ,  I960;
Hanton, Î96J; Loosemore, 1964; Edgson, 1964; Roy, 1964; M in is try  o f 
A g ricu ltu re , 1966).
Although tho re la tio nsh ip  between colisepticaem ia and agarnma** 
g lobu îInaemla has been recognised fo r  many years, there does not 
seam to have been any investiga tion  in to  the levels o f Immune g lobu lin  
present in tho serum o f calves su ffe ring  from neonatal disease u n t il 
Fay (1962) re-^emphaslsod the re la tio n sh ip  In n a tu ra lly  occurring cases.
A possible reason fo r th is  delay Is tha t i t  has been assumed generally 
and has appeared In most textbooks that the c a lf  In te s tin e  re ta ins fo r  
24-36 hours the a b lH ty  to  absorb In tac t the Imtnune lac tog lobu lln  
molecules present In colostrum. During th is  period a c a lf  would 
receive three or four feeds o f colostrum and hence have access to  more 
than enough Immune g lob u lin  to give i t  a high level o f passive immunity. 
Vary l i t t l e  Is knovm about tho speed and e ffic ie n cy  o f the absorption 
mechanIsm In calves and th is  again has lad to  the assumption tha t the 
tirno o f feeding and the quan tity  fed are re la t iv e ly  unimportant.
In view o f our knowledge o f the Immunological s tatus o f the 
newborn c a lf  and I ts  re la tlo nsh lp  to  disease tho fo llow ing  aspects 
o f th is  subject have been studied u t i l is in g  the zinc sulphate 
tu rb id ity  tes t as a measure o f serum Immune g lobu lin  concentration.
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A) Changes in the serum immune gîobuîîn concentrât ion o f newborn 
calves over a three week period.
B) The re la tîonstîîp  between serum immune g lobu lin  concentration and 
s u s c e p tib iI ity  to  neonatal disease.
C) Survey o f serum Immune g lobu lin  concentration o f neonatal calves 
in re la tio n  to  season.
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SECTION A
The mthod used to study the changes in s^ t'um Immune globulin 
concentration weu os follows# Three calves under one week of age were 
each nIlo tted to a specific group depending on the In it ia l  zinc 
sulphate tu rb id ity  of th e ir  sorwm# Tho groups waro established m  
fo llow s.
t e r n
(SST Units)
I 0 * 5
H 5 *  15
i n  15 *  25
IV 25 * m
V 3 5 - 4 5
Tho calves were retested at 7 day Intervals urttH 21 days had 
elapsed. Under local conditions a certain amount of disease# 
e.g. septicaemia# diarrhoea# pneumonia* Is present. Therefore# any 
ca lf which c lin ic a lly  appeared unwell was removed from the series# 
and observations were started on another c a lf under one week of age*
The average turb id ity  for each group was found from the three calves# 
and tho results are shown In Figure No* 2,1 and In Appendix Mo. 2.1.
The s ta t is t ic a l s ign ificance  o f these changes are shown In 
Table No. 2*1. The greatest rates o f decline of passively acquired 
c irc u la tin g  hmuna globuI In occurred In the calves which had the
F î g ,  2 . 1 .  C hanges  î n  t h e  s e ru m  îmmune g î o b u î î n  c o n c e n t r â t î o n  o f
n e w b o rn  c a l v e s  o v e r  a 3 w e e k  p e r i o d .
40
30
Immune
Globulin
(Z.S.T. units)
20
0 1 2 
Time (weeks)
TABLE 2.1
â laa !,0 .saB & a jLL tibâJP k^
s jilM isM .X H J±L tltx jla c^
Time (days)
Class 0 - 7  0 - 1 4  0 - 2 1
1 n .s . 0.05 0.01
It 0.01 n .s . n .s .
n i n .s . 0.02 0.01
IV rus. 0.1 0.02
V 0.02 0.001 0.001
The figures In the Tahlia re fe r to  tho
probahl11ty (p).
n,s* -  not s ig n ific a n t
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highest In it ia l  tu rb id ity  readings. This suggests that elimination 
Is occurring In o logarithmic manner. The fact that within each 
class the rate o f elimination would appear to be almost linear may be 
explained by the re la tive  shortness of the period studied In relation  
to the half l i f e  of the passively acquired Immune globulin.
In the group with the lowest In it ia l  tu rb id ity  I t  w ill be noted 
th#t a significant Increase In turb id ity  occurs within fourteen days. 
This Is probably due to the autogenous production of Immune globulin. 
This active production has been shown by Pierce (1055) to  cause an 
apparent fa llin g  o ff  In the rate of elimination of passively acquired 
Immune globulin when measured by electrophoretic methods. This 
phenomenon w ill be reflected In the %lnc sulphate turb id ity  test» since 
I t  does not distinguish between the source of Imwne globulin. The 
effect may be minimised, however, by measuring the rate of decline 
of the group with the highest tu rb id ity  readings. Reference to 
figure 2.2 In which the turb id ity  changes of Groups I and V have been 
plotted against a logarithmic scale shows that these changes are 
occurring In a logarithmic manner. The regression equation for Group V 
may be calculated as y «* 1.61 ** 0.0l4x and for Group I as y « 0.0303k 
O.305B. Frora the equation pertaining to Group V, I t  may be calculated 
that a halving of the concentration of passively acquired Immune 
globulin occurs every 21.5 days. Sim ilarly, In colostrum deprived 
calves (Group I )  during early l i f e  the serum Immune globulins double 
th e ir concentration every 0.9 days.
F î g .  2 , 2 ,  C hanges  î n  th ©  s e ru m  Immime g î o b u î î n  c o n c e n t r a t i o n  o f
c a l v e s  î n  G ro u p s  I a n d  V . .
Log. -j.Q 
Immune
G lobulin
(ZST units)
0 7 14 2 8
Time ( days )
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As fa r  as can bo soqn, there e x is t In the H te ro tu ro  few 
references to the use o f tu rb id ity  tes t to  measure the dee Una o f 
passive Immunity and the development ©f ac tive  îninunîty In calves. 
Hlcmann^^Sorenseo# Itonggoard and Kruse (1956) using tho % I no sulphate 
te s t followed the changes which occurred In the tu rb id ity  o f the serum 
o f 6 colostrum deprived calves over a period o f 100 days. A r is e  In 
tu rb id ity  was detected between tho 8th and 16th days. Using four 
colostrum fed calves tho same authors noted the changes which 
occurred during tho f i r s t  70 days o f l i f e .  From the I n i t ia l  high 
tu rb id ity  leve ls  seen 48 hours a fte r  the b ir th ,  the leve ls fe l l  to  
minimal valuos by the 32nd day. Patterson (Î967) followed the 
changes In %lno sulphate tu rb id ity  of one colostrum deprived ca lf  
during the f i r s t  80 days o f l i f e  and found tho reaction to  be 
negative fo r  tho f i r s t  fou r weeks. In human in fan ts  I t  has been 
shown tha t the zinc sulphate tu rb id ity  undergoes marked changes 
during tho f i r s t  weeks o f l i f e  (Harris, Anderson and Day, 1994). 
leve ls  s im ilo r to  these seen In adults were found at b ir th ,  but in 
weeks they had dropped to  minimal values.
The major ob jection  to  the use o f such a te s t m  z inc sulphate 
tu rb id ity  Is  tha t the amount o f tu rb id ity  developed Is to some 
extent Influenced by tho concentration o f other components o f the 
serum (Kunkel, 1947; de la  Huaraa a I . .  1990; Adnor, 5997;
Relnhold, I960).
In calves during th© f irs t  30 days of l i f e  the serum albumin 
concentration rises from approximately 2 gms to 3 gms per 100 ml
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(Plerco, 1999^)- According to  resu lts  o f Kunke'l (1947) and do la 
tiuorga ^  âl.* (1990), th is  increase in concentration may depress 
s l ig h t ly  the tu rb id ity  readings and give r ise  to  apparent rates of 
decline o f immune g lo b u lin . S fm îîa rly , the detection o f the production 
o f Immune g lobu lins by the colostrum deprived c a lf  may be delayed*
Reference to  the resu lts  obtained in the previous section studying the 
influence o f Increasing albumin concentration on zinc sulphate 
tu rb id ity  would suggest tha t th is  e ffe c t is n e g lig ib le . The influence 
o f alpha and beta g lobu lins  on the zinc sulphate tu rb id ity  te s t In 
calves Is unknown, and i t has been shovm by Pierce (1955), Var ne11 
^  iJL* ( i960) tha t these components do undergo s ig n ific a n t fluc tu a tio ns  
during the f i r s t  e ighty days o f U fa  as do the lip id s  (Shannon and 
tascelles» 1966) and glycoproteins and lipopro te ins (Va me 11 aj^., I960).
The influence o f fe tu în , a glycoprotein v/nîch migrates v^lth the 
alpha g lobu lins  (Pedersen, 1944, 194?) Is also unknown, i t  has been 
noted that sera o f newborn calves have contained re la t iv e ly  large 
amounts o f alpha g lobu lin  (Jameson , 1942; Hansen and P h ilip s , 194?;
Deutch, 15154; Sprlo, I960). Bergman et  ^ aJL* (1962) found by means o f 
q u a n tita tive  complement f ix a t io n  assay that the level o f fo tu in  in 
the c a lf  foetus at 9 months * gestation was 21.7 mgms per ml o f serum.
In adult c a tt le  sera approximately 0.4 mgms per ml o f f e tuin was 
detected, but unfortunate ly since the sera o f calves o f various ages 
were not tested, no ra te  o f decline was described. From the work o f 
Va me 11 .§X. (I96B) I t  can be seen tha t F action II  o f the glyco­
prote ins equivalent to  tho alpha g lobu lin  fra c tio n , decreased from 
b ir th  u n t il 42 days and then remained constant.
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SECTION B
ïS3Ê™ayjiloûsyi>.i!ât^ Eîga»aafflja^  ^
.sasâG&Lti.llsxjLojîsaaâSâJ^^
During the cours© o f a year a largo number o f calves are brought 
Into the Glasgow Unlvorelty Vofcerlnary Hospital fo r teaching and 
experimental purposes. These are mostly Ayrshire b u ll calves under one 
v/eek o f ago and are bought In tho local fBarkets. During th© f i r s t  
weeks a ce rta in  amount o f disease In tho form o f c o ll septicaemia and 
neonatal diarrhoea Is usual. In an attempt to  confirm  tho re la tlonsh lp  
between coHseptIcaemla and hypogor«gIobuIïnaemîo and possib ly to  
pred ict vdilch calves would be susceptlblo to  th is  dlseoGo, the zinc 
sulphate tu rb id ity  to s t was performed on the sera o f these calves as 
soon as they a rrived  at the H ospita l. The resu lts  o f th is  to s t were 
then corre la ted w ith  the fa te  o f those calves during the f i r s t  three 
weeks a fte r  a r r iv a l.
A necropsy examination o f a l l  salves which died was ca rried  out. 
This consisted o f a macroscopic Inspection of tha thoracic and 
abdominal organs and o f the major Jo in ts , I .e .  carpa l, ta rs a l,  coxo« 
femoral and a tlan to -»occ lp !ta l. Routinely attempts wore made to  
recover f,. ,c.ol,1. from the spleen and kidney by cu ltu re  on blood agar and 
MsConlioy agar o f m aterial taken from those organs* A diagnosis of 
septicaemia was made only I f  £ . col,I, was recovered from both organs. 
Additiona l supportive evidence was supplled by the c l in ic a l h is to ry  o f 
the animal and the changes observed In certain organs. Enlargement
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of the spleen m s  frequently observed In w llseptleaa ida, but coses 
vfera encountered In which th is m s  not the notable venture.
Petecliloo were often found on the surface of the spleen end on tho 
endocardium and opIcardIum especially In tho region of the coronary 
arteries. I t  was noted that petechlae ore present m  the epicardlum 
of normal animals, but they ore not so nmrked m  In collseptlcaomlo. 
Diagnosis of death from the effects o f diarrhoea was made on the 
clin ica l history, the fa ilu re  to Isolate g,* col,I from spleen or 
kidney and frm  tho absmice of any specific lesion at postMmrtem 
examination.
Tho In it ia l  results of th is t r ia l  have been described elsewhere, 
(Gay, Anderson# Fisher, McEwan, 1964). Since the publication of these 
results, th is  test has been used constantly in the selection of 
neonatal market calves. The relationship between neonatal disease end 
hypogammaglobul Inmmla has been further confirmed. Fîguro 2.3 shows 
the results of th is Investigation which Involved 415 calves.
I t  can ba seen that with two exceptions a ll  the septlcaeisla 
deaths have occurred In tho group with the lowest Immune globulin 
levels. Diarrhoea did occur In most of tho calves, but deaths 
arising from th is syndrome m m  seen again m ln ly  In the calves with 
the lowest levels of immune globulin. I t  Is Important to emphasise 
hero that tha calves included In th is Investigation have been kept 
as control animals during t r ia ls  of various metlmds of treatment and 
prophylaxis.
rtg . /..a . ino roiaeionstiip ueuweon sortira limiuno globu!In 
concentration and neonatal m ortality.
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Tfio ovoraîî nK>rtaîïty ra te  îii group Of eaîvos was .8%, 
Deaths a ris in g  from coU sep tlooemla accounted fo r  14% o f the losses» 
the remaining i? .%  being due to  death from tho e ffe c ts  o f  diarrhoea. 
This m o rta lity  ra te  is  much higher than tho national o r regional 
average, Th© reasons fo r  th is  probably H o In tho source# se lection 
and management o f thoso animals. That those calves had a l l  passed 
through a market, tha t many o f them had bean selected because o f th e ir  
tow îiTOuno g lob u lin  concentrations, and tha t no attempt was made 
e ith e r to  tre a t o r to  prevent neonatal disease must be considered as 
con tribu to ry  towards the high m o rta lity  ra te .
Tho ImpressIon tha t calves which died o f c o lis e p tîcacmîa d id 
so rmalnly during the f i r s t  week a fte r  a r r iv a l was v e r if ie d  (Tabla 2 ,2 ). 
i t  can bo seen from th is  tab le  tha t the mean surv iva l period o f 
SO SQptlcQomic calves was S#0 3*2 days. The roean serum immune
g lobu lin  concentration o f these calves was 2.1 ^ 2.4 7SÏ u n its .
The mean surv iva l period a fte r  a r r iv a l o f the 30 calves which 
died o f colisepticaem ia was 3.0 « 3.2 days. In view o f the fa c t tha t 
some o f the calves Included In th is  group may have been 6 or ^ days 
o f age a t tho time o f purchase, I t  Is possib le th a t 2 o r 3 days should 
be added to  the moan surv iva l period so tha t the actual mean age o f 
tha calves might be found, i t  is  in te res tin g  to  note, however, tha t In 
order to  reproduce th is  cond ition  experimental I y and w ith  a degree o f 
re g u la r ity , most workers have had to  use colostrum deprived calves o f 
2 o r 3 days o f age only (Dunr^e, S lantx, ilokanson and Oortree, 1956;
TABLE 2.2
§aaLlxa.l..aj:...5g_âsBËJ,Æaml&.MlYm
Caîf Zinc Sulphate
 X»i'MiLtxi!aLia
Survival Gaîf Zinc Sulphate 
Turb id ity  Unit; Vfy#tr*MoWTkt#vmy###lrim
Survival
I t o i .
I 0.25 4 26 2 5 1
2 0 3 27 Q 5 3
3 6.0 14 28 0 6 5
k 1.75 I I 29 0 2 6
5 2,5 30 0 6 6
6 2.5 8 31 0 I 3
7 0.25 14 32 1 9 8
8 3.0 I I 33 1 7 3
9 2.0 3 34 1 3 2
10 1.5 4 35 2 3 2
11 6*0 4 36 0 9 5
12 12 0 4 37 2 6 1
13 8.5 12 38 Î 8 5
14 0.5 4 39 Î 2 a
13 2.0 3 0 2
16 2.25 4 41 0 i 2
17 0 3 42 Î 5 7
18 0 3 43 1 7 5
19 8.5 5 44 0 3
20 2.5 3 45 4 4 5
21 2.5 2 46 1 8 5
22 5.25 9 47 0 4 2
23 1.75 3 48 1 1 2
24 0.5 2 49 0 9 3
25 2.0 7 50 0 25 2
ZI ne sulphate tu rb id i ty mean S.D. 2.1 » 2,4.
Survival (days) mean S.D, 5.0 « 3.2.
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Gîant^, Î959? Penhaîo, 1965). Thîis t/ouîd suggest tha t under natural 
conditions other fac to rs  are Involved In the pathogenesis o f th is  
disease.
Th© vary low Immune gîobyîln concentrations found In these 
calves confirms tho find ings  o f Fey and Hargadanfc (1961). These vary 
low leve ls suggest tha t e ith e r these calves have not been allowed 
colostrum a t a l l  o r tha t they have been given I t  a f te r  the absorptive 
a b i l i t y  o f the In to s t I no has ceased* An Investiga tion  to  ascerta in 
the re la t iv e  Importance o f those two p o s s ib il i t ie s  w uW  c e rta in ly  bo 
worthwhlle*
Death Is o ften  o convenient c r ite r io n  by vjhlch to  Judge tho 
seve rity  o r Incidence o f ce rta in  diseases. In re la tio n  to  naartatal 
c a l f  diarrhoea and septicaemia, however, I t  Is v/el1 recognised tha t 
although many animals die from the e ffe c ts  o f these syndromes, a much 
la rger proportion develop the c l in ic a l signs from whicli a f te r  a 
va riab le  period they make a recovery. The e ffe c t o f th is  on t(m c a lf  
Is to  tem porarily check the growth ra te  and as a re s u lt,  there may be 
no gain In weight over th is  period (Aschaffenburg, 19%, 1950;
Dalton, Fisher and lie In ty re , I960, 196g). Moreover, In a ce rta in  
proportion o f calves there Is no f u l l  c l in ic a l recovery. These animals 
may have co n tin u a lly  so ft o r f lu id  faecos or roay develop secondarily 
a chronic pneumonia or a r t h r i t is .  Tho economic Importance o f the 
check In llvcv/o lght gain and the subsequent development o f poorly 
th r iv in g  animals Is d i f f i c u l t  to  determine since w ith  th© exception 
o f Intensive veal producing u n its , calves are kept under seml^întcfïsîve 
o r extensive management.
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in re la tio n  to  th is  problem an In te resting  po in t a rises from the 
negative c o rre la tio n  In serum Immune g lob u lin  leve ls and death In neo^ 
natal calves. I f  tha a ffe c ts  o f neonatal diarrhoea aro seen most In 
those calves w lth  low Immune g lobu lin  leve ls , there may ok1st a 
p o s itive  c o rre la tio n  between Itrsmmo g lob u lin  levels and llvewelght gains. 
Although no d ire c t evidence supporting th is  has been found, various 
authors have noted the d iffe rence In Mvewelght gains which e x is t 
between colostrum deprived and colostrum fed animals. Aschaffenburg 
^  £ l*  (1949a, b) showed tha t the mean IIvewelght gains o f calves when 
measured at 21 days o f ago was greatest In those which had been fed tho 
la rgest q u a n titie s  o f the non»-fatty fra c tio n  o f colostrum. Table 2.3,
TABLE 2.3
Quantity o f Mon*» No. o f 
Calves
Mean b ir th
...______________
Mean LIvowelght Gain During
._,&l_r#^ 2^_X-0av.SL_.....X^kX r-r-
7.200 a 33 14 - 2.2*
3.000 2 80 12
900 2 84 8
400 6 86 a ■« 0.7
200 6 83 h t  1.9
80 6 77 3 -  2.3
*  Values w ith  th e ir standard e rro rs .
In the work o f Roberts ©X* (1954) on some e ffe c ts  o f colostrum 
deprivation In the c a lf ,  observations were made on llvevie lght gains o f 
colostrum fed and deprived calves. The niaan weight gain o f 13 
colostrum deprived calves which survived to  three weeks o f age was 
13.4 8,4 lbs . Eight colostrum fed calves over tho seme period had
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mean weight gains o f 17*9 lbs. Whereas the d lffa ronce  between
these tVu'o groups Is not s ig n if ic a n t,  I t  w i l l  be observed tha t the 
standard devia tion o f the colostrum deprived group Is much la rge r. 
This could be In terp re ted os m  Ind ica tion  o f the various leve ls  o f 
health o f these calves.
Perry and Watson (1967) compared the growth rates o f p ig le ts  
w'hlch were c la s s if ie d  according to  th o ir  levels o f passive linmunlty* 
Up to  7 days post«portum there was l i t t l e  d iffe rence between the 
classes, but between 7 and 20 days an Increasing d iffe rence  was 
observed between those p îg îo ts  which had absorbed n>ast antibody and 
those which had absorbed the least am unt.
From the c o rre la tio n  between lamiunogWbulIn leve ls and the 
fa te  o f calves the question arises as to  what Is the exact 
p ro tec tive  function  o f the p ro te ins . The pro tection from septicaemia 
o ffe red  by re la t iv e ly  small armunts o f Immune g lobu lins taken 
together v/lth  the obvious association between the syndrome and an 
In fectious agent leaves l i t t l e  doubt tha t an îmtmmologicaî function 
Is being performed* The precise nature o f the sp e c ific  p ro tecting  
antibody Is not yet known (Gay, IBSg). The aetio logy o f neonatal 
diarrhoea Is not apparent and the mult Ip i I c l t y  o f s tra in s  o f ^* co jj^ 
Iso la ted from such cases has caused some doubt as to  whether the 
syndrome had an In fec tious ae tio logy (Smith, 1962). The p o s s ib il i ty  
e x is ts , the re fo re , tha t these pro te ins m^ y^ have a function  other 
than an Immunological one.
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The in fusion o f high nroîocular walglit substances intravenously 
is  a Vv'all-’recognised technique fo r  the expansion o f plasma volume. 
Such an e ffe c t may occur a f te r  the absorption o f îtmine g lobu lin  
molecules in ta c t by the In te s tin e . The osmotic e ffe c t o f these 
nwlecuUiS may expand the plasma volume and concurrently g ive the 
animal greater reserves o f f lu id  and e le c tro ly te s  from which to  draw 
during a d iarrhoeîc episode. In add ition  proteins have long been 
recognised as a part o f the bu ffe ring  machanisms ex is tin g  w ith in  the 
body to  preserve *1e m ilieu  In te r le u r . ' The e ffe c t o f the loss o f 
f lu id  and e le c tro ly te s  through diarrhoea Is to  produce a metabolic 
acidosis, an augmented a b i l i t y  to  maintain the pM o f the body f lu id s  
w ith in  the range compatible v/lth l i f e  may aid the surv iva l o f 
a c ld o tic  animals, investiga tions In to  those poss ib iÎ I t le s  have been 
undertaken and are reported la te r .
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Smsï-iî£jiacujuœü£ia^l2laaila,.s^
During the investiga tion  in to  the re la tionsh ip  between immune 
g lobu lin  leve ls and m o rta lity , I t  was soon noted that during the 
w in ter months the average %lnc sulphate tu rb id ity  o f the market calves 
bought in was very much lower than those seen during the summer and 
autumn months, i t  was decldexi there fore  to  conduct a survey o f the 
va ria tio n s  in Inmme g lobu lin  seen during the course o f a year. The 
resu lts  o f th is  survey fo r 1964/1965 have been published (Gay, Fisher, 
HcEwan, I9&5). Tho survey has been contlnuod fo r  another year and 
the combined resu lts  are shown below. Figure 2.4. The calves studied 
in th is  survey Include animals which were brought In to  the Veterinary 
Hospital fo r tre a tin g  and ojsparimsntal purposes and calves passing 
through the Paisley narket which wore sold fo r  Immediate slaughter as 
veal. Since the calves bought by the Hospital were drawn from th is  
source, no attempt has been roada to  d if fe re n tia te  between the two 
groups in the survey.
jk m ü lâ
I t  would appear tha t In these market calves there is  a very 
marked seasonal v a r ia tio n  In immime g lobu lin  le v e l. The high levels 
seen during the summer and early  autumn s ta rt to  decline by November, 
roach th e ir  lowest values In February and March and then Increase to  
maximum values between June and September. Tii© re la t iv e  d is tr ib u tio n  
o f I imune g lobu lin  concentrât Ions found monthly Is given In Table 2.4.
. 2 .4 . Seasonal variations In the average serum Inwuno globulin 
concentration of neonatal calves.
40 r
30
irnune
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TABLE 2.4
Tà<LML9.y.x<LPJâlüJmysaJlLâLâjiaJaiaaUjœ!Ui&
&œîyyi§i:ML.ÇsJyâ,U^xJi^ 4,j!„Jja
Zinc Sulphate TurhJcUty Units Mo. o f
Month 0-9 10-19 20-29 30-39 40-49 50-59 60^69 Calve
Ki.AxKj^wctmM If'- # -.11'mmmw#* « i < #w
A L h U M fl 33.3 8.3 16.7 25.0 16.7 n
Aug. 10.0 10.0 5.0 25.0 30.0 15*0 5*0 20
Sept • 16.6 0 0 16.6 50.0 16,6 6
Oct * 32.0 19.5 19.5 21.0 7.0 0 1.0 97
Nov. 5S.0 30.0 5.0 20
Dec. - 0
87.5 12,5 40
Feb. 90.0 10.0 20
Mar. 75.0 20.0 5.0 20
Apri Î 61.0 30.5 5.0 3.5 59
May 47.0 19.7 17.0 12.0 3.5 0.8 117
June 37.5 10.0 20.0 17.5 10.0 5.0 72
July m , m 0
Aug. 13.3 33.3 26.7 13-3 10.0 3.3 30
Sept. 34.7 11.1 26.4 15.3 11.1 1*4 72
Oct. 36.7 15.0 11.6 21.7 13.3 1*7 60
Nov. 49.3 32.5 10.4 5.2 1.3 1.3 77
Dec. 66.6 20.S 10.3 2.6 39
77.5 17.5 2.5 2.5 40
Feb. 75.7 19.0 2 .7 1.3 1.3 74
Mar* 76.0 20.0 0 4.0 24
Apr! 1 65.0 20.0 10.0 5 .0 40
May 50.7 23.3 10.9 8.2 6.8 73
Juno 9.0 18.2 41.0 31.8 22
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Fol lowing upon the pub lica tion  o f tho resu lts  o f th is  survey 
a fte r  one year ((^ay, Fisher and Me Ewan» I9&5)# o smaller survey in 
England was conducted by Smith, OM teill and Sîiïirons (1967). This 
involved the ckvfcermination o f the Immune g lobu lin  concentrât ion o f 
the sera o f 23Û calves» 190 o f which were home-bred, the remaining 40 
being obtained from markets* D irect comparison o f the resu lts  o f both 
surveys is  d i f f i c u l t  since the techniques o f using the z inc sulphate 
tu rb id ity  te s t were not id e n tic a l. Although the appearance o f low 
levels o f immune g lobu lin  was not apparent in the English survey 
during the w in te r months, an increase in the proportion o f calves w ith  
high leve ls was found during the summer.
The reason fo r  th is  apparent d iffe rence may be due to  regional 
differences in the.management o f the cow and her newborn c a lf .  The 
m a jo rity  o f calves studied by Smith ^  (1967) obtained colostrum
by suckling. During the w in ter nionths in southwest Scotland the 
m a jo rity  o f da iry c a t t le  are housed In byres* i t  1$ standard practice  
to  allov; the cows to  calve there and then to  remve the c a lf  to  a pen 
where i t  may receive seme colostrum* in generaI, colostrum is not 
fee! u n t il a f te r  the next m ilk ing  time which may be 12-^ 15 hours a fte r  
the b ir th  o f the c a lf .  On farms where calving takes place in a loose 
box kept spec ia l!y  fo r  th is  purpose the procedure is  generally simHar 
In tha t tho c a lf  is  not allowed to  be suckled, but is  removed and foci 
colostrum from a bucket la te r on. Tiie reasons given by farmers fo r  
th is  procedure are various. The advantages claimed are tha t I t  Is 
known tha t the c a lf  has fad, that tra in in g  tho c a lf  to  d rink out o f a
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bucket î$ easier I f  I t  has never boon suckled and tha t c a t t le  do not 
resent machine m ilk ing I f  they have not been allowed to  suckle a 
c a lf .  This procedure also removes the fa c to r o f poor mothering 
a b i l i t y  as a resu lt o f which a cow may take l i t t l e  or no In te rest In 
the c a lf  and may refuse to  a I low I t  access to  her udder.
Information on the Influence o f feeding methods on Immune 
g lobu lin  levels o f the serum o f calves Is scant. Smith aj.. (ÎSÎ67) 
noted tha t d iffe rences In tho leve ls occurred between ca1ves fed by 
buckets suckling or by a m ixture o f both methods. Mo obvious 
difference) In the levels was found between those fed by suckling and 
those fed by suckling and bucket. The calves fed by bucket alone, 
hoivever, had much lower le ve ls . Other Ind irec t evidence tha t the 
amount o f Immune g lob u lin  absorbed Is less I f  colostrum Is fed by 
bucket comes from tho survey on m o rta lity  and disease In calves 
conducted by Withers (1952). A comparison o f the mortal I ty  rates o f 
calves up to  one m nth  o f age which had been fed colostrum by 
suckling o r by bucket revealed tha t bucket feeding was constantly 
associated w ith  a high m o rta lity  ra te . In view o f the evidence c ite d  
e a r lie r  on the re la tio n sh ip  between neonatal disease and col I sep tic ­
aemia, In p a r t ic u la r , and hypoganmmg lobu 11 naemi a, I t  Is very probable 
tha t tho bucket fed calves described by Withers had lower serum 
concentrât Ions o f Immune g lobu lin  than the suckled calves.
Although suckling Is the most natural method o f feeding, I t  
would appear tha t even th is  cannot ba ra ile d  upon to  g ive high levels 
o f IfiMune global In . Smith (1962) noted tha t In 52 male Jersey calves 
which were allowed to  remain w ith  th a ir  mothers fo r  2 days, 6,
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1.0 . had Curb k i l t y  readings between 0 and 5. Smith o t a1.
( 1967) reported tha t o f 80 calves which v;era observed to  have 
suckled w ith in  a few hours o f b ir th ,  8, I .e . 10%, had serum lovo ls 
whIch yie lded tu rb id ity  readings o f loss then 10.
During some pre lim inary v^ork Invest I gating the influence o f the 
method o f feeding, resu lts  were obtained from 10 Ayrshire cows which 
were allowed to  calve in loose boxes and to  remain w ith  the calves fo r 
a period o f ?M hours. Serum from tho calves was taken at 48 hours 
post-partum and tested by the zinc sulphate tu rb id ity  te s t.  The 
resu lts  are shown below.
TABLE 2.5
C alf Ho. 1 2 3 4 5 6 7 8 9  10
immune
Globulin 5 5 8. 5 13 18 18 19 34 37 45
ZST Units
Those resu lts  would appear to  agree w ith  those of Smith hi that 
access to  the cow during the f i r s t  day o f l i f e  does not guarantee a 
high level o f immune global in . This small t r ia l  was conducted during 
the months o f February and March v/îien the seasonal average was lowest, 
and i t  is  in te re s tin g  to  see tha t re la t iv e ly  high leve ls  can ba obtained 
during th is  period o f the year* These resu lts  taken in conjunction w ith 
those o f Smith (1962, I 967) ra ise questions about the frequency and 
tinia o f feeding and tiio  qu a n titie s  obtained by the newborn c a lf  in 
re la tio n  to  the amount o f immune g lobu lin  which they u ltim a te ly  absorb. 
These questions w i l l  be discussed in Part IV.
fMT. I l l
INVESTIGATIONS INTO NON-IMMUNOLOGICAL FUNCTIONS 
OF THE PASSIVELY ACQUIRED SLOBULINS
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GENERAL INTRODUCTION
I t  has been shown In an e a r lie r  section that deaths from the 
e ffec ts  o f diarrhoea occurred only In those calves w ith  low or 
moderate levels o f c irc u la tin g  Immune g lob u lin . The reason why calves 
w ith high g lobu lin  levels do not die although they may develop 
diarrhoea Is not c le a r. I t  Is a well established fa c t tha t the 
p rinc ip a l function o f the g lobu lins acquired passively from the dam Is 
an Immunological one. However, the absorption o f In tac t pro te in  
molecules must have Important physio logical as well as Immunological 
e ffe c ts . One possible function common to  a l l  large molecules w ith in  
the c irc u la tio n  Is tha t o f causing an expansion o f the plasma volume.
I f  the expansion of the plasma volume Is proportional to the amount of 
globulin absorbed by the animal, those with the highest concentrations 
of circulating globulin and possibly the largest plasma volumes will 
have larger reserves of fluid and electrolyte on which to draw during 
a diarrhoetc episode. In addition, proteins have been recognised to be 
Involved In the buffering mechanisms of the body. In severe diarrhoea 
a metabolic acidosis develops due to the loss of bicarbonate and sodium 
In the faeces (Bland, 1963). An Increased concentration of protein 
buffer may add significantly to the ability of the animal to withstand 
such an acidosis.
One fu rth e r p o s s ib il i ty  Is tha t during the process o f natural 
e lim ina tion  o f passively acquired Immune g lobu lin  a source o f amino 
acids Is ava ilab le  from which the animal may draw. The s ign ificance  o f 
th is  function In e ith e r the anabolic or catabo lic sta te  Is not known, 
and metabolic studies on gmotoblotIc animals would have to  be made to  
determine I ts  v a l id ity .
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Many v^rkers have studied the q u a n tita tive  and q u a lita t iv e  
changes In the p ro te in  components o f serum and plasma o f the newborn 
C a lf before and a f te r  the Ingestion o f colostrum (Howe, 1921 ; Jameson, 
AlvardH-Tostado and Sorter, 1942; San Clemente and Huddleston, 1943; 
Pedersen, 1945; Hansen and P h ill ip s ,  1947; Poison, 1952; Pierce, 1955a). 
This passive transference o f g lobu lin  to  the young c a lf  nay re su lt In 
a doubling o f the serum pro te in  concentration w ith in  24-36 hours o f 
b ir th .  In other species Increases o f th is  magnitude have been 
observed (Earle, 1935; Nordbrlng and Olsson, 1957; Ramirez jU Lâ lf»  1963).
I t  Is known tha t the osmotic pressure developed by a dissolved 
substance Is proportional to  the number o f n o n -d lffu s lb lo  molecules and 
not to  tho mass o f the substance dissolved* By comparing the average 
molecular weights o f the major p ro te in  fra c tio n s  o f plasma, l .o .
Albumin, 69,000; G lobulin, 170,000; Fibrinogen, 330,000, one w i l l  see 
tha t fo r  equal weights o f those pro te ins the nurrtser o f molecules present 
w i l l  be In the ra t io  o f 5:% 5:1 respective ly . I t  has been ca lcu lated 
by Scatchard ^  (1944) tha t albumin Is responsible fo r  75% o f the
c o llo id  osmotic pressure o f human plasma pro te ins. The reason fo r  
th is .  In add ition  to  the re la t iv e ly  lov/ molecular weight, Is tha t the 
albumin molecule has a re la t iv e ly  high average net charge due to  I ts  
low Is o e le c tr ic  po in t (pi 4.7) and I ts  powerful binding a c t iv i ty  fo r  
anions.
The c o llo id  osmotic pressure o f 5 fra c tio n s  o f plasma prote ins 
at d iffe re n t concentrations are shown by Guyton (1961) In a fig u re  
modified from O tt (1956). From th is  figure. I t  can bo seen tha t the
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re la tio nsh ip  bstwaen pro te in  concentration and osmotic pressure Is not 
lin e a r clue to  tho Oonnan equ ilib rium  e ffe c t*  Low concentrations o f 
p ro te in , l.o *  below 4 g per 100 ml, produce a d isproportiona te ly  small 
Oïïiïsotîc pressure. The concentrât Ion o f gatrma g lobu lins found In the 
scrum o f colostrum fed animals ra re ly  exceeds 4 g per 100 ml serum, 
and so the expected Increase In plasma osmotic pressure w lI I  he very 
s11ght.
The co n trib u tio n  made by tho plasma prote ins towards the to ta l 
plasma osmotic pressure Is not la rgo, a pressure o f 28 imn Mg being 
accepted as noriim l; whereas plasimi osmotic pressure Is In tho region 
o f 5080 mm Mg. However, the Importance o f th is  co n trib u tio n  was 
recognised by Star11ng (iSgS) and subsequent workers who have studied 
the mechanical fac to rs  In fluencing lymph production. Duo to  the 
Intravascular loca tion  o f the p ro te ins , the osmotic pressure 1$ 
greater than the hydrosta tic  pressure a t the venous end o f c a p illa ry  
vessels. This is  a major fa c to r governing the reabsorptIon o f f lu id  
and the maintenance o f an osmotic eqyIIIhrIurn between the Intravascular 
and extravascular spaces. An Increase In the concentration o f p ro te in  
may lead to  an Increase In the amount o f f lu id  entering the 
c irc u la tio n  and hence an expansion o f tho plasma volume.
The a b i l i t y  o f large moloculos w ith in  the c irc u la tio n  to  cause 
such an expansion has been u t i l is e d  c l in ic a l ly  In the treatment o f 
cases In which hypovolaemla occurs# Albumin has bmn used fo r  th is  
purpose (Cournand at  . 19 # ) ,  The resu lts  o f In fusing albumin Into 
tho c irc u la tio n  o f an analbumlnaornlc pa tien t were described by Ott (1957)*
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ïho concentration o f albumin In the serum rose from 0.1 9 to  2.7 9 per 
Î 00 m l, although the serum prote ins only rose from 5.4 to  5* 6 9 per
100 m l, a feet suggesting tha t a large expansion o f plasma volume had 
occurred.
An expansion o f tho plasma volume o f rabb its  has been detected 
by Rochschlld, Oratz, Frank11n and Sehrolhor (1962) and BJorncboa 
( 1967) as a re su lt o f immunisation. I t  was pointed out by the la t te r  
author tha t In order to  achieve th is  expansion, the r is e  In gamma 
g lobu lin  concentration should be largo and rap id . Nansen and Nell sen 
( 1966) noted tha t adu lt c a t t le  w ith  hyperImmunoglobulInaemla tended to  
have higher plasma volumes than normal animals.
I t  has been suggested tha t In p ig le ts  fo llow ing  the ingestion 
o f colostrum, one o f the physio log ica l resu lts  o f the ass im ilâ t Ion o f 
0 large quan tity  o f p ro te in  w lth in  the vascular space Is an expansion 
o f the plasma volume (McCance and Wlddowson, 1959)* This view was 
supported by Ramirez ^  aj^. (1953). I t  was postulated tha t the 
absorption o f co los tra ! prote ins In to  the blood stream caused an 
Increase In the osmotic pressure o f the plasma. This Increase In 
osmolar I ty  Vi/ould re su lt In the a ttra c tio n  o f f lu id  In to  the vascular 
system and cause an expansion o f plasma volume.
From the ava l!ab le  evidence I t  would appear tha t an expansion 
o f p lasm  volume does occur In early l i f e .  HcCanco and Wlddowson 
(1959) demonstrated tha t colostrum fed p ig le ts  had at 24 hours o f 
ago plasma volumes which ware greater than a t b ir th ,  and th is  fin d in g  
was supported by Ramirez M.* (1953). In calves no comparable 
measurements appear to  have been mi do although thoro e x is ts  a ce rta in
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amount o f c ircum stantia l evidence. I t  was noted by MeGance and 
V/lddowson (Î959) tha t p ig le ts  which were allowed to  Ingest colostrum 
as well as having higher concentrations o f pro te in  In the serum, had 
cons is ten tly  laver haernaté c r its .  Observations made by several workers 
on the changes In the haematocrit o f calves during tho f i r s t  days o f 
l i f e  show a s im ila r  tendency (Wise, ^  , 1947; Roberts, o i* ,
1954; Qreatorex, 1954; Holman, 1956; Renhale, 1965; Shannon and 
Lascellee, 1966). Dalton (ÎS67) ,  however, did not no tice  any change In 
the haomatocrit o f calves during the f i r s t  3 weeks o f l i f e .  Of 
comparative In te re s t, a marked f a l l  In the hacmatocrlt o f newborn goat 
kids has been observed during the f i r s t  32 hours o f l i f e  by Holman 
and Dew (1965), but no measurements o f plasma volume wore made.
In ordar to  confirm  tha t an expansion o f the plasma volume o f 
calves occurs during early  U fa  and to  determine the ro le  o f the Immune 
g lobu lins In th is  occurrence a series o f measurements have been mdo 
on colostrum fed and ml Ik  fed calves.
Due to  the fa c t tha t tho physio logica l pH o f the body Is more 
a lk a lin e  than the is o e le c tr ic  po in t o f tho plasma p ro te ins , these 
prote ins e x is t In the plasma as anions. As such, they play a ro le  
along w ith  the carbonic acid -  bicarbonate system and the dlhydrogen 
phosphate -  mono hydrogen phosphate system In the maintenance o f a 
stab le pH through th o Ir  bu ffe ring  ch a ra c te ris tic s . The re la t iv e  
bu ffe rin g  powers o f the d iffe re n t bu ffe rs  are demonstrated by 
Guyton (1961). « lua n tlta tîveïy the In tra c e llu la r  b u ffe rs , pm te in  and
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phosphate, are responsible fo r  most o f tho In iffo rlng  a c t iv i ty  o f the 
body f lu id s .  In blood» assuming tha t the bu ffe ring  power o f tho 
bicarbonato system Is u n ity , tho re la t iv e  powers o f the bicarbonate, 
phosphate, plasma pro te in  and haemoglobin bu ffe rs  are I . 8 : 0 . #4;5#3 
respective ly . However, I f  blood and In te r s t i t ia l  f lu id  are considered 
together, the re la t iv e  powers o f the plasma pro te in  and haemoglobin 
are decreased duo to  the d ilu t io n  o f these substanaos by the 
In te r s t i t ia l  f lu id s ,
SIndo the e ffe c t o f Increasing proportlonate ly  tho concentrât Ion 
o f the components o f a bu ffe ring  system Is to  Increas© the bu ffe ring  
capacity , I t  may be assumed tha t the Increase which occurs a f te r  Immune 
g lobu lins have absorbed from colostrum, w i l l  Incroaso the bu ffe ring  
capacity o f  the plasma p ro te ins . Tho re la t iv e  Importance o f th is  
Increase In terms o f the to ta l bu ffe ring  capacity o f the body Is not 
(aiown. By the adoption o f Iq v i t r o  techniques, the bu ffe rin g  
ch a ra c te ris tics  o f a p ro te in  may be found by the add ition  o f known 
qu an tities  o f a d d  or a lk a li to  a so lu tion  o f tho p ro te in . Ip v lv p . 
hawover, the tendency to  dIsplacement o f the pH to  one o r the other 
side o f tho physio log ica l norm Is countered not only by the bu ffe ring  
systems but a lso by compensatory renal and resp ira to ry  mechanisms.
In an attempt to determine the InfIuence o f tho p ro te in  b u ffe r system 
on the afol l I ty  o f the whole body to  withstand the e ffe c ts  o f  a 
metabolic ac idos is , a series o f o);parimants were undertaken, using 
calves w ith  high and low Immune g lob u lin  leve ls .
PLASMA VOLUME EXPANSION
In order to  determlno tho ro lo  o f Immune g lobu lins  In the probable 
expansion o f plasma volume which occurs a fte r  b irth #  the fo llm ving 
experiment was devised. Newborn calves were removed from th e ir  dams 
Immediately a f te r  b ir th  and blood samples were taken fo r  estim ation o f 
the concentration o f sorum protain# e lec tm iy tes#  packed c e ll volume and 
osmotic pressure* Tho plasma volume was then measured and the calves 
were then allowed to  d rink  e ith e r colostrum o r m ilk . Five calves were put 
on a ml Ik  d ie t .  Both groups o f calves were thon fed m ilk  u n t i l  3 days o f 
age when repeat, estim ations were made o f the param tors measured at b ir th .
For tho est I m t  Ion o f plasma volume a stock so lu tion  o f 1% Evan's 
Blue dye (T!8?A# The B r it is h  Drug Houses Ltd.# Poole) In water was used. 
Approximately 2 ml o f th is  so lu tion  was taken up In to  a 2 ml p la s tic  
dlSf>osuble syringe (Johnson's E th ica l P las tics  Ltd.# Slough# England) 
and a H** I8B needle was attached to  the syringe. The syringe contain ing 
the dye and the needle were then weighed together. A fte r  the dyo had 
been In jected Intravenously (see Management o f Calves) the syringe and 
needle were then rewelghed so tha t an accurate estimate o f how much dye 
had been In jected was obtained. Thu blood samples taken before and 10 
minutes a f te r  In je c tio n  o f tho dye# were co lle c te d  In heparinIsad po ly­
thene cen trifuge  tubes. Plasma from these samples was obtained by 
ce n tr ifu g a tio n . The tim e In te rva l o f  10 minutes was chosen since I t  has 
been shown by Dalton and Fisher (1961) tha t the concentration o f the dye 
In tho plasma of cows was very s im ila r to  tha t a t zero time obtained by 
forward extrapo la tion  o f the excretion curve o f the dye.
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A standard concentration o f dye In plasma was made by adding 
10 m io ro îltra s  o f the dye so lu tion  by means o f a disposable m icro- 
p ip e tte  (Mlerocops® Drummond S c ie n t if ic  Co., Broamhall, Pa., U.S.A.) 
to  g ml o f plasma. The concentration o f dye In the Î0 minuta sample 
was est Imated by comparing the In ten s ity  o f the colour o f th is  sample 
w ith  that o f the 'standard ' by means o f an EEL portab le co lorim eter 
(Evans ElectroseIonium L td . , Harlov/, Essex) using matched I ml c o lo r i­
meter tubes and an 11 ford  607 (orange) f i l t e r .  The co lorim eter Is 
previously zeroed on a tube contain ing 1 ml o f p ro - in je c t Ion plasma.
Having determined the concentrât Ion o f dye in the plasma 10 minutes 
a fte r  In je c tio n , the volume o f plasma was determined by d iv id in g  the 
amount o f dye In jactod by th is  f ig u re . The plasma volume was expressed 
on a body weight basis, Î .o. ml per kilogram body weight.
Hagmtec,!'.!):
This was dotormlnod using a micro haematacrlt cen trifuge  
(HawksIey & Sons L td ., London). The ce n trifu g a tio n  time was 10 minutes.
No correction  fa c to r was used In estim ating tho e rro r due to  the e ffe c t 
o f trapped plasma, mainly because th is  fa c to r Is not accurate ly known 
fo r  c a lf  serum and also bccauso tho fa c to r may be Influenced by tho 
change In g lob u lin  concentrations occurIng m  a re su lt o f colostrum feeding,
The b lu rc t method described by Varley (1963) used to  
estimate tho serum p ro te in  concentration. The te s t was standardised 
by use of a commercially prepared standard of known p ro te in  concentration 
(Vorsatol, W.R. Warner and Go. L td ., Eastle igh, Hampshire, England).
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Test
This te s t was performed by the standard method described 
previously#
sm
Tho osmotic pressure o f plasma was determined usually  w ith in  I 
hour o f the sample being obtained from a c a lf*  The instrument used 
was a Knaucr semi micro osmometer (Shandon S c ie n t if ic  Products Ltd.# 
London}# which u t i l is e d  the cryoscopic method o f determining osmotic 
pressure# Before each sample vas tested# the Instrument vms 
ca lib ra ted  against d is t i l le d  water and a s a lt so lu tion  o f known 
osm olarlty. 
godIurn and Pp^assI urn
Tho serum sodium and potassium concentrations were determined 
on an EEL Flame photometer using the method described by Parley (1963). 
Mananonyant o f Calves
As soon as a c a lf  was born# I t  v/as removed from the cow# dried 
and then weighed. On both sides o f the neck overly ing the Jugular 
veins# the h a ir was removed by means o f mechanical c lip p e rs  so tha t 
the underlying vessels might be more e a s ily  located through the skin . 
The c a lf  was than placed In la te ra l recuW^ency on a ta b le  w ith  I ts  
head and port o f I ts  neck overhanging the edge# This po s itio n  was 
found to  be best both In respect o f re s tra in t o f the anitnal and 
access to  the Jugular ve in . A s te r i le  l i * ‘ 18 Gauge needle# which 
had been v/elghed previously w lth  tho syringe was Inserted In to  the 
Jugular vein# In the d ire c tio n  o f tho blood flow# A 25 ml sample o f 
blood vias taken and d is tr ib u te d  In to  heparlnlsed polythene te s t tubes
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(î5  ml) fo r  tîioso estimations requ iring  plasma and a Universal b o tt le  
(10 ml) fo r estim ations on serum.
Having ensured tha t the t ip  o f the needle was In tho lumen o f the 
VOIn by noting the rate o f flow  o f blood through the needle Wien the 
syringe was dataehod» the 2 ml syringe contain ing the dye so lu tion  was 
connected to  I t  and tho so lu tion  In jected. The syringe and needle 
wore then wlthdrawn together, wiped clean o f any blood which may have 
adhered and put aside fo r  re-welghlng. A stopwatch was sta rted  
Immediately the dye was In jected so tha t another sample could be taken 
10 minutes la te r .  When th is  tima had elapsed the c a lf  was placed on 
the tab le  In the same pos ition  but on I ts  other side so th a t the other 
ju g u la r vein was exfKised. This procedure was adopted so tha t there 
wt)uId be no chance contamination o f tho second sample by any Evan's 
blue which may have leaked In to  the tissues during tho wlthdrawaI o f 
the needle a f te r  the dye had been In jected. A 10 ml sample o f blood 
was taken and put In to  a heparlnlsed te s t tube.
A fte r th is  sample had been taken the c a lf  was given by bucket 
soma o f I ts  dam's colostrum o r some ml Ik  depending on the typo o f feeding 
to  which I t  had been a lloca ted . Tho volume Ingested by tho c a lf  was 
found by measuring tho volume o f the colostrum before and a fte r  tho 
c a lf  had fed. A ll tho calves ware allowed to  drink to  s a tia t io n .
During tho ensuing 15 hours colostrum or m ilk  was o ffe red  again to  the 
c a lf  and the amount taken was noted. Thereafter# only m ilk  was o ffe re d ,
A sample o f colostrum (60 ml) was taken so tha t an ostlmate o f the 
to ta l quan tity  o f Immim# g lobu lins presented to  the c a lf  could bo 
ca lcu la ted . The calves wore a l l  kept In Ind iv idua l pens and were
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bedded în straw. Tho ambient temperature was never below 20^C. M ilk
was fed a t the ra te  o f 3-4 pints# tw ice d a lly . Three days a fte r  b ir th  
a second estim ation o f the plasma volume was made using the same 
technique. This tim e In te rva l was allowed to pass fo r  several 
reasons; namely# to  ensure tha t absorption o f the Immune g lobu lins  from 
tho In tes tin e  had been completed, to  a llow  time during whIeh the Immuno 
g lobu lins weuld e q u ilib ra te  themselves botween the extravascular and 
IntravasGular spaces and to allow  time fo r  the excretion of beta 
lactog lobu lIns by the kidney (Pierce# 1959) and so minimise any 
physio logica l e ffe c t which they n^y have.
The Ind iv idua l resu lts  are shown In Tables 3.1 and 3.2.
dsàaSâJüjKàMiâx.
Before feeding; both groups o f calves have n e g lig ib le  tu rb id ity  
le ve ls ; however, a f te r  feeding# only In tho colostrum fed calves was 
thoro a s ig n ific a n t Increase (p<CO .08l).
The concentrations o f the serum proteins In both groups before 
feeding ore not s ig n lfIc a n t ly  d iffe re n t from each o the r. A fte r  
feeding# the leve ls In tho colostrum fed group r is e  s ig n if ic a n t ly  
(p < 0 .0 0 l)#  whereas In the m ilk  fed group the leve ls ore unchanged.
In both groups before and a fte r  feeding there Is  no 
s ig n ific a n t d iffe rence  between the serum albumin concentrations.
T m m  3.1
s lm 'sg3-,M JJ3£JssH a i?M sliaaU ?JasaaJS i^^
C alf Htimber
1 a 3 4 5 Mean i: S.33.
l^e .1.0 0.5 O.'R 1 .%  1.0 0 .9  t  0 .3
zinc Sulpiiate 
Tui'lsliUty
Boat a i.g  m.o a i.s5 av.o 30,0 86.3 ± 4
Pï’8 4.2 4 .4  4 .7  4 .7  4.0 4 .4  4 0.3
Somii Protein 
(g/100 ml)
Post 6.6 7.5 6.6 7.2 7 . I  7.0 ± 0.4
Pro 2 .x 2 ,2 5  2 .1  2 .0 5  .1 .6  8 ,0  ± 0 .23
Albumin 
(■î/100 ml)
Post 1.9S 2.05 1.8 2.05 1.9 1.<B ± 0.1
Pro 8 a  8 ,15  8.&5 8#4 8,:2> ± 0,8
Globitl.ln 
(g/XOO ml)
Poat .^É'ü S#4^ > 4,0 5*X5 5.8 5*0 & 0*4
Pro .155.8 150 152.6 3,55.8 155.6 153.9 * 2,4
Sodium
(m*eq/l)
P o #  146.8 im .4  146*8 146*8 146.8 144/5 ± 5*1
Pre 5.76 5.94 5.19 5.76 5 ,3 8  5.6 * 0.3
Potaastoa
(m.eg/1)
Post 6.12 5.2 5 .5 8 6.86 5 .3 3 5.8 i  0.4
PM 289 293 291 299 296 2 9 3 .6  A 3 .0
Osmotio Pressure 
(ra.oswo.1/1)
Post 286 a)6 286 sm 287 886 ± 0.7
Pr@ 39 38 44 42.5 39 4o.5 ± 2.5
Haamatoo'rlt (JÏ)
Post 4o 36*5 33 Z10 33*5 37*6 1 S*7
Pra 72 75.5 61.4 36.6 62.3 6 5 .6  t  7.8
Plasma Volume 
(m l/fg  Body Wt.)
Post .107,3 100.4 91.1 7>a 94,8 93.4 ± 12.9
TABŒ 3.a
Ohames In the Serum Proteins» Plasma Ëlgotrolybaa, Plasma Oamotlo
'BVQBmTQj,^  Haemato c r it m û. Pla sma Volumo of Calves Fed Milk
C alf Number
1 2 3 4 5  Mean ± S.0.
Pro
Zlx%8 BuXphat© 
T u rb id ity
I S 1*0 1*3 0*3 1.0 1.1 ± 0*4
Post
Fro
Serum Prote in  
(g /1.00 ml)
Poat
1 .0  1 .75
4 . 3  4,2
1 .5
4.1
hiniWi^ aTr’IflfNwifyre^ fç.lfuii
A3.bainln 
(g/XOO ml)
»M»*«PSBn#*7#fwxSKri»*i»i:i#*Wvi*Si-'h<
Globu3,in 
(s/loo ml)
Sodium
(m.eci/l)
Potassium
(m *eq/l)
Pro
..FO§_t
Pro
1 ,9  1 .
a.o5 1 .9
2 .4  2.65 2.3
0 .5  0 0.95 * 0 .6
4.0 4.2 4 .15  *  0.1
3.8 3.9 4.0 ± 0.3
1 .9  1 .6 5  1 .75  ± 0 .1 5
1.75 1.35 1.7 i  0.2
2.1 2.53 8.3 t  0.2
2.W4 5  2 .2  2 .%  2 .05  2 .35  2 .3  ± 0 .1 7
Pi-e 158 .6  130 15 8 .6  150 155.8 15 4 .6  & 4 .3
Post 144 lil4  
Pro 6.1 6.28
Post 4,
293Fr©
Oemotle Pressura 
(m*osmol/l)
Post e #
Pre 32
Haematoorit (^)
 m
M Æ  . . i a8,,6 „ , 14 1 ^ ^ .1 4 2 .9  4.3.18
5 .ÿ t 3 .0  5 . I 6 5 .5 7  i  o.ui'
4.78  4 ,68 4*33 4 ,6 i  0*3
296  293  896 894 ± 8.0
TTW*unW f, M
201 286
37.5  %)
%
aao 282 A a.8  
40 3 7 .5  * 3 .6
Pre 5 4 .8  6 5 .9  6 9 .7  6 0 .5  6 3 .5  62.9 ± 5.6
Plasma Volume 
(m lAs Body vrb.)
  78 .1  81
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The changes in the serum g lobu lin  concentrations m irro r those 
seen In the zinc sulphate tu rb id ity  and scrum pro te in  concentrations# 
I $0 * a s ig n ific a n t d iffe re n t (p <  0.001) Is observed only In the 
colostrum fed group a f te r  feeding, 
mi
The pre-feedIng and post-feeding leve ls do not d i f fe r  
s ig n if ic a n tly  between the groups# but w ith in  each group the post- 
feeding level Is s ig n if ic a n t ly  lower (p <  0.01).
There was no s ig n if ic a n t a lte ra tio n  In e ith e r group between 
the pre- and post-feeding concentrât Ions o f serum potassium.
S as»y& J ja *sm s.
The mean osmotic pressure o f the plasma o f the colostrum fad 
animals d iffe re d  s ig n if ic a n t ly  (p < O .O I)  as d id  tha t o f tho m ilk  fed 
animals (p <  0.00I ) from tho pro-feedIng pressures. The post-feeding 
pressures In e ith e r group d id  not vary s ig n if ic a n tly  from each other.
The haematocrfts o f both groups o f calves would appear to  f a l l  
a f te r  feeding; however# there Is  not a s ig n ific a n t d iffe rence  between 
the pre- and post-feeding leve ls .
I l l â s u M œ
In both groups o f calves there la a s ig n ific a n t d iffe rence 
between the pro- and post-feeding volumes. The leve ls  o f 
s ign ificance  fo r  the colostrum fed group Is  p <  O.Ol# and fo r  the 
ml Ik  fed group# p < O .O D l.
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The ma I n elms o f th is  expor(ment wore th re e fo ld . F irs tly #  î t  had 
to  foe shown tha t absorption o f g lobu lins  from the in te s tine s  o f the 
colostrum fed calves had occurred to  a s ig n ific a n t extent* Having 
established th is#  the changes In the plasma volumes o f the two groups 
o f calves have been determined and compared. F ina lly# in an attempt 
to  explain the mechanism Involved In the a lte ra tio n  o f p lasm  volume# 
measurements have been made o f other physio logical parameters.
Evidence tha t g lobu lins  have boon absorbed by tho colostrum fed 
calves Is hown by the Increase In z inc sulphate tu rb id ity #  serum 
pro te in  and to ta l g lobu lin  concentrât ions. Compared w ith  the ml Ik fed 
calves# these measurements have a l l  Increased s ig n if ic a n t ly .
The plasma volumes o f both groups o f calves# before and a fte r  
feeding# ware not s ig n if ic a n tly  d iffe re n t from each other# although 
the volumes measured 3 days a fte r  b ir th  were approximately 40% greater. 
This order o f increase has been observed to  occur In o ther species. 
HcCance and Wlddovmon (1959) v/orking w ith  colostrum fed p ig le ts  noted 
tha t w ith in  24 hours o f b ir th  the plasma volume increesod from I n i t ia l  
leve ls o f 55 -  7*7 ml/Kg to  81 i  8.3 ml/Kg# an Increase o f 4>%.
Ramlroz ^  bX* (1963) have studied plasma volume changes In p ig le ts  
during the f i r s t  5 weeks o f l i f e .  From b ir th  to  24 hours o f age 
tho plasma volums Increased from 55 ml/Kg to  71#5 ml/Kg# an Increase 
o f 30%. This re la t iv e  voluma was maintained fo r  8 days a fte r  b irth#  
whereupon I t  began to  f a l l .
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Tho reason fo r  th is  decreaso may bo connected w ith  tho very 
fas t growth ra te  o f p ig le ts . By consu lting  the mean bodyv/elghts o f 
tho p ig le ts  described by Ramirez ^  (1963), I t  may be soon tha t
during tho f i r s t  and second weeks o f l i f e ,  bodyweight Increased by 
approximately 100 per cent per week. Although tho grovffch ra te  o f 
calves Is not nearly so precocious, th is  may explain why the volumes 
measured a t 3 days o f age In tho present experiment are s ig n if ic a n t ly  
higher than those found by Dalton and Fisher (1961), These v/orkors, 
using a s im ila r technique to  estimate plasma volume, determined values 
fo r  65 b u ll calves aged between I and 3 weeks* They found a mean o f
66.0 -  8*3 ml /Kg. Hansard ejL M ,' (1953) measured the blood volume 
o f 2 calves, 2-6 days o f age, and found a mean volume o f 120 ml per Kg 
body we I gh t, whereas a 3 wcet; o ld  c a lf  had a voluma o f 85 ml per Kg 
bodyweight. Payne, Ryloy and Gartner (1967) studied tho changes In 
p lasm  volume o f  c a t t le  from 2 months to  3 years o f age, end have 
noted a progressive decline w ith  ago In th is  determ ination v/iion 
expressed on a bodyweight basis.
As a re su lt o f ce rta in  experiments performed on newborn p ig le ts  
(I'/Iddovjson and HcCance, 1956* HcCance and WIddowson, 1956, 1957), these 
authors noted tha t animals which had been fed e ith e r colostrum or 
ea rly  m ilk  soon a f te r  b ir th  had higher g lobu lin  concentrations and 
cons is ten tly  lower haematé c r its  than those whIch wore given water but 
no food. An attempt was made subsequently to  study the e ffe c ts  o f 
colostrum on the volume and composition o f the plasma o f newborn 
p ig le ts  (McCanca and WIddowson, 1959)* In th is  study blood was taken
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from a U t te r  Immediately a f te r  b ir th  fo r  estim ation o f the plasm  
pro te in  conoentratIon and the haematocrlfc. The U t te r  was then 
divided In to  tvio groups, on© o f which was aUowed to  obta in  colostrum 
from the sow and the other was kept, unfed, In matolioUc cages at 
31^ centigrade# Twenty"four hours la te r  the plasma volumes were 
estimated by In je c tin g  Evan' s Blue d ire c t ly  In to the heart# I t  was 
found tha t colostrum fed p ig le ts  had larger plasnm volumes, greater 
plasma pro te in  concentrations and lower haeniatocrlts than the contro l 
group# There was no s ig n ific a n t change In the plasma pro te in  
concentrât Ion o r haeroatocrlt o f the con tro l p ig le ts# The plasma 
volumes o f the p ig le ts  a t b ir th  were not a c tu a lly  measured but 
estimated from the change In haematocrlt reading, a method which assumes 
tha t the to ta l number o f erythrocytes In the c irc u la tio n  or the mean 
corpuscular volume docs not change during the 7Â hour period* I t  was 
concluded from th is  v*t>rk tha t the absorption o f global Ins caused an 
Increase In tim  plasma volume*
The ch ie f c r it ic is m  o f th is  w rk  Is  o f the method o f control#
By s ta rva tion , not only are these animals being deprived o f Immune 
g lobu lins but also o f f lu id ,  e le c tro ly te s  and organic m ateria ls  which 
are present In colostrum# E a rlie r work by these authors (WcCance 
and V/lddowson, 1B56) has shown tha t starved p ig le ts  are In a catobQl ic 
s ta te  compared w ith  the very marked anabolic s ta te  which e x is ts  In 
animals on normal diets# Also In th is  vjork a comparison can he mad© 
between the haematocrit and the serum pro te in  leve ls  o f  p ig le ts  fed 
n a tu ra lly  on colostrum or sows* ml Ik  by moans o f a stomach tube#
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Tba haaniatosrît of the colostrum fed animals lower than tha t o f 
the m ill; fed onoB, a possible în to rp ro ta tîon  o f which Is tha t a plasma 
volume oxpanslon had occurred* Howavor, the serum p ro te in  le v e l0 o f 
the ml Ik  fed p îg lc ts , although lower than the leve ls soon In the 
colostrum fed cjrciup, ware much higher than those seen In groups whIch 
had not been fed m ilk , a probable in d ica tion  that p ro te in  absorption 
had occurred. Tiio In to rp re to tIon  o f these resu lts  Is rendered even 
more d i f f ic u l t  by the fac t Shot the two studies were not concluded at 
the mama ambient temperature. U has been shown by H o rr îî î  (1^32) tha t 
the motabolIam o f the newborn p ig le t Is  profoundly Influenced by the 
ambient temperature, fu rth e r evidence suggesting that the expansion 
o f plasma volumes Is not due to  the absorption o f Irmmmo g lobu lins 
comes from the îvork o f Sisson and Who Ion (1^60). Those authors noted 
tha t In human In fan ts , which arc born v/Jth s ig n ific a n t leve ls  o f 
c irc u la tin g  hrmune g lo b u lin , a 20% Increase occurred In the plasma 
volume w ith in  the f i r s t  6 hours o f l i f e .
The osmotic pressuras found In the plasma o f the newly born 
calves am  In close agreement w lth  tha t o f other v/orkers. Dalian 
(1966), using calves o f up to  19 days o f age, found the mean 
osmolar I ty  of 12 p lasm  samples to be 291 ^ S.iL 3**S m. <mm\ per 
l i t r e .  In lo to r  work he noted tha t the mmn plasma o m m la rity  o f 
Ui newborn calves was 290 m. ©sml per l i t r e  and ranged from 276 to  
306 ÏÏU osiml per l i t r e .  In adu lt c a t t le  Blanca (1956) found an 
average osmotic pressure o f 4,9%  twa Mg which H  thee'|u#valent o f 
290 m# osmol per l i t r e .  The f a l l  In osmotic pressuro observed In
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both groups o f caîvos a t 3 days o f ago suggests that tlio ro  may havo 
occurrod o îtho r a s lig h t c lf ly tlo n  o f the plasma os a consoguonco o f 
the absorption o f a greater quan tity  o f water than osm otîcaîly oe tlvo  
m a te ria l, o r that; shore has been on absolut© docreoso In one o r several 
o f the osm otlee lIy a c tiva  constituents o f plasma. In view o f tho 
fac t tha t an expansion o f plasms voluraa has oecurrod simultaneously 
the former p o s s ib il i ty  Is  tmro a ttra c t Ivo,
Refartmso to  the changes whieh have oeeurrod In soma o f the 
other parameters vm ik l a lso tend to  support a dU u tlon  o f f  ea t. The 
sodium concentration In both groups has fa lle n  by a s ig n if ic a n t 
am unt. in a d d itio n , although the d iffe rence between the pro feeding 
and post feeding haematocrîie Is not s ig n if ic a n t,  there Is a tendency 
fo r  the post feeding leve ls  to  he lower# The concentrât Ion o f sorum 
olWmln In both groups, however, remains v ir tu a l ly  unchanged, Pierce 
noted In colostrum fed calves tha t the concentration o f serum 
albumin decreased during the f i r s t  day o f l i f e ,  but by tho second day 
mB re tu rn ing to  the o r ig in a l le v e l, He suggested tha t a mechanism 
Invo lv ing the serum albumin concentrât Ion may be present fo r  purposes 
o f con tro lU ng  p ro te in  osmotic pressure, i t  has been stmwn by 
Csitîîn (195?) th a t a f a l l  In the p ro te in  concentration In plasma Is 
followed by a d isproportionate  f o i l  In In to rs tJ t îo l f lu id  p ro te in , 
duo to  tho flaw  o f water fmm the cap !Î lo r ie s . The ros to ra tion  o f the 
serum albumin concentration to  tho o r ig in a l level nay have boon 
e ffected  v ia  th is  mecimnIsm acting upon tho extravossular albumin 
pool.
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Th© p s s s Ib îH ly  tha t the trans ien t albuminuria doscrlbod in 
neonatal calves by Smith and L i t t le  (1924) and Howa (1924) was 
Involved In th is  phonomonon was considered but la to r  disproved by 
Plqrce (Î9S9# 1960, 1961)# who demonstrated that the p ro te in  In tho 
y fln o  was bota lac tog lobu lIn  and not albumin#
Tho hîoeherfïîcaî composition o f the plasma or serum o f calves 
has boon studied by HeShorry and Ûrlnyor (1954)# Roy ^  (1959)#
Fisher (I960), Bolton# Fisher and McIntyre (I9&5), and Dolton (1967). 
Tho ages of tho calves studlod ranged from b ir th  to  3 or 4 weeks 
and opart from Roy (1959) and Dalton (196?)# no account was
taken of possible changes arising os a function of ago* Roy SS, â l*  
(1959) noted tha t at b ir th  tha mean sodium valy@a \mm  139^140 m. eq. 
per l i t r e #  but had fa llen  to  131.5 m. ©q. per l i t r e  by tho 5th day o f 
H fo . Tho mean potassium leve ls  a t b ir th  war© m* cq. par
l i t r e  and roso on tho f i r s t  doy to  6 .1‘-4.5 m. oq. por l i t r e .  A r ise  
in tho potossium- concentration was also noted by Dalton (1957), when 
comparing the lovoîs found in newborn calves v^Hh Lhasa o f \ o r 2 
days o f ago or 3 to  5 days o f ago. No s ig n ific a n t changes in the 
sodium concentrât Ion waro oboorvod by th is  author during tho f i r s t  5 
days o f life #  although there appears to  be a s lig h t Incroaso In tho 
lovola found In I or 2 day old calves.
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SECTION B 
BUFFERING CAPACITY
Expérimenta 1
To ascerta in the s ign ificance  o f the bu ffe ring  capacity o f the 
Immune g lobu lins present In tho serum o f colostrum fed calves, the 
fo llow ing  acute eîcperîment was performed. Two groups each containing 
5 calves wore used. On© group had high leve ls o f c irc u la t in g  Immuno" 
g lobu lins  and the other group had n e g lig ib le  leve ls . Each c a lf  was 
anaesthetised and then prepared fo r  continuous monitoring o f 
electrocardiogram, systemic a r te r ia l blood pressure and blood pH. By 
means o f slow Intravenous d r ip . Isotonic hydrochloric acid was Infused 
Into the c a lf  u n t il the animal died from the re su ltin g  ac idosis . The 
amounts o f acid required to  k i l l  each c a lf  was taken as a measure o f 
bu ffe ring  capacity and the mean amounts required by each group was 
compared.
Preparation o f Calves
For the purpose o f th is  experiment, Ayrshire b u ll calves, 1-2 
weeks o f age, were obtained from the local market. These calves were 
chosen on the basis o f the z inc sulphate tu rb id ity  te s t as having e ith e r 
high or n e g lig ib le  levels o f c irc u la tin g  Immunoglobulin. Before being 
used In the experiment, each c a lf  was examined c l in ic a l ly  to  determine 
I ts  fitn e ss  and to  ensure tha t I t  was not d ia rrhoe lc . The h a ir over- 
ly ing  the ventra l aspect o f the neck was removed by mechanical c lippe rs  
so tha t the ju g u la r groove on e ith e r side o f the neck could be eas ily  
seen. Tho c a lf  was then weighed and a sample o f venous blood was taken 
from the Jugular vein under anaerobic conditions and the pH estimated.
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Anaesthesia v/as Induced by slow Intravenous In je c tio n  o f sodium 
pentobarbitone (Nembutal, Abbot la bo ra to ries , Q.UGonsborough, Kent).
A fte r  the c a lf  had been placed In r ig h t la te ra l recumbency, a 4 Inch 
Inc is ion  was made through the skin overly ing the Jugular ve in . By 
means o f b lun t d issection th is  vein and the ca ro tid  a rte ry  were 
Id e n tif ie d  and Iso la ted . Into the Jugular vein two catheters (Nylon 
Intravenous Cannula « Î2'* length Port land P las tics  L td ., Wythe* Kent), 
one In a cran ia l d ire c tio n  fo r  pH measyrament and the o ther caudaîîy 
fo r acid In fus ion . These were secured In position  by means o f nylon 
liga tu ras  and ware flushed through w ith  heparin!sad sa line  to  prevent 
c lo tt in g *  This arrangement o f cathaters vas used so tha t tho acid 
would be w all mixed and buffered before reaching the re tu rn ing venous 
c irc u la tio n  from v^hlch pH was maasured. A s im ila r typo o f catheter 
v/as Inserted In a caudal d ire c tio n  In to  the ca ro tid  a rte ry . A fte r 
being f i t te d  by heparin I sod sa line , I t  was connected to  the manometer 
so tha t systemic a r te r ia l blood pressure could be measured.
Tho trachea was than dissected from tho surrounding tissue  and 
when su ita b ly  exposed an Inc is ion  vms made between tv/a o f the 
ca rtilag ino us  rings In order tha t a metal endotracheal tube could be 
Inserted. This v;as secured In pos ition  by means o f nylon liga tu res  
tie d  around tho outside o f the trachea. This tube v/as attached to  o 
rosp lra to ry  pump (Cyclator, B r it is h  Oxygen Company L td ., London), 
vdilch was pevjored by a compressed a i r  cy lin d e r. The resp ira to ry  pump 
was adjusted so tha t the minute volume was about 7 l i t r e s .  This 
volume was chosen a f te r  several measurements had been made o f th is
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parameter In conscious calves using a close f i t t in g  face mask attached 
to  a Wright respirometer. A fte r an I n i t ia l  pH measurement had been 
made# the minute vohmie o f the anaesthetised c a lf  was adj us ted so tha t 
the pH returned to  tho pre^^anaesthotIc le ve l.
P rio r to  the s ta r t o f In fus ion , blood was wlthdrawn fo r  the 
estimation o f the sine sulphate tu rb id ity .  Tho plasma volume was also 
estimated using Evans Blue dya (T1824) and the same basic technique as 
described In the earH er part o f th is  section. The only m odifications 
were tha t a needle, was dispensed w ith , tho dye being In jected through 
the venous catheter leading towards the heart. A fte r In je c tio n , the 
catheter was flushed clean Vilth heparînîsed sa line . The ID minute 
sample was taken from the ca ro tid  ca the te r.
Isotonic hydroch loric acid (155 m. ©q. per l i t r e )  was prepared 
and accurately dispensed In 500 ml qu an tities  in to  HRC transfusion 
b o ttle s . A disposable rec ip ien t set (without f i l t e r )  (Capon Heaton 
and Co. L td ., Birmingham, England) was inserted In to  the b o tt le  which 
was then Inverted and hung on a transfusion stand. When acid Infusion 
was due to  s ta r t ,  the rec ip ien t sot was connected to  tho venous 
catheter a f te r  a i r  had been expelled from the tubing by a1 lowing the 
acrld so lu tion  to  en ter. The ra te  o f flow  was co n tro lle d  by a regulating 
clamp and on average 5Û0 ml o f acid were Infused In 25 minutes. At 
the end o f each experiment the to ta l volume Infused was ca lcu la ted from 
the number of empty b o ttle s  and the volume remaining In the b o ttle  
In use at the tinia o f death.
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Tho pH was measured using Astrup îUcrooqwîpment AtC îc 
(RadîontQtor L td .# Copenhagen, Denmark). Blood was obtained 
onûorobScaïly  from tho c ran ia l section o f the Jugular vein by means o f 
a ca the ter.
Electrocardiograms wore recorded on a Mlngograph 01 (Elemo 
Sehanander, Stockholm-, Sweden). Tho anhml was placed In r ig h t 
la te ra l recumbency and the standard limb leads ware employed using 
needle e lectrodes. Leads I ,  IS, t i i  and AVR wore recorded 
simultaneously.
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The sys tm ic  a r te r ia l blood pressure was determined v ia  a 
catheter Inserted In to  the ca ro tid  a rte ry . This catheter was attached 
to  an Impedance manometer, which was, In tu rn , connected to  tho 
Mingograph 81, so tha t a permnent record was made. Tho manometer was 
standardised e le c tro n ic a lly  and against a mercury manometer previous 
to  use.
For the purposes o f presentation the resu lts  and discussion 
have been divided In to  two pa rts ; a) attempted estim ation o f Increased 
bu ffe ring  capacity , and b) ECQ and blood pressure changes Induced by 
acid  In fus ion . A summry o f the re su lts  obtained from each group o f 
calves Is shown In Tables 3*3 and 3.4.
TABLE 3.3
Immune G lobulin Concentrât ions and PJasma 
VoUmms o f Calves Infused w ith  Ac Id
Calf
Zinc Sulphate 
T u rb id ity
Immuno
Globulin
Plasma Vol 
(ml/Kg)
Serum Immune 
Globulin
1 37.0 37.4 65.1 2.43
t 34.0 34.2 53.4 1.82
3 30.5 30.4 61.5 1.86
4 45.0 45.9 69.0 3.16
5 29.5 29.4 71.0 2.08
Moan 35.2 35.4 64.0 2.27
S.E. 2.7 2.9 3.1 0.24
6 2.0 0 89.0 0
7 0.5 0 66.2 0a 0 0 54.7 0
9 3.0 1.0 63.7 0.06
10 0.5 0 59.8 0
Mean 1.2 0.2 66.8 0.01
S.E. 0.5 0.2 5.9 0.01
TABLE 3.4
Infusion Rates and Amounts of Acid Renuired to Ki l l  Calves With 
Low. Sarum.J muno 8 l# u l la_W am @ m tlm A
Calf No. wt.
Tîmo to  
Death Infusion Ratfâ^  
[ni. ©a, /Ko/mî n !
Amount
Infused ininuna Globulin 
Ui
1 28.18 88 0.14 12.45 2.43
2 32.65 220 0.08 17.50 1.82
3 29.03 135 0.17 22.61 1.86
4 22.9 143 0.15 21.96 3.16
5 31.29 168 0.12 17.78 2.08
Mean 28.79 150.8 0.13 18.46 2.27
S.E. 1.67 21.6 0.02 1.8 0.24
6 23.13 160 0.11 18.09 0
7 30.84 100 0.11 10.75 0
8 31.52 83 0.10 8.53 0
9 32.65 185 0.08 15.62 o.os
10 30.84 142 0.10 13.64 0
Mean 29.79 134 0.10 13.32 0.01
S.E. 1.69 18.8 0.005 1.69 0.01
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Tharo îs no s ig n ific a n t dîfferene© botweon the weights o f the 
two groups o f calves. 
imo .l:o,.„dQf
No s ig n ific a n t d |ffom nco  betivoon the length o f timo token by 
e ith e r group to  d ie  was found.
iûùiâla9„xsÊîa
The Infusion rates In both groups o f calves are not s ig n if ic a n tly  
d if fe re n t.
The d iffe rence  between the omounts o f aald Infused In to  both 
groups o f calves Is not sign I f le a n t.
£ j« m j£ 2 i» a
F ia im tf voXijnieJ f o u n d  In these calves are not s ign lfS can tly  
d iffe re n t from each other* and are In close agreement w ith  the values 
noted by Dalton and Fisher (1961),
lllacusBlpn
The ove ra ll con trib u tio n  mmdo by the plasma pro te ins re la tiv e  
to  tho other bu ffe rs  was dmonstrated by P it ts  (1954). Far th is  work 
nephroctcmlsed dogs ware used which were Infused w ith  10 m, eq* 
hydrochloric acid per kilogram bedywelght. The resu ltan t changes In 
the concentrations and qu an tities  o f the p r in c ip le  e le c tro ly te s  ware 
noted. Only 1.5% o f the acid  was neutra lised by the plasma prote ins 
In consequence o f tho change In pH o f the blood. The pro to in  and
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bicarbonate bu ffe r system together neutra l I sod less than one th ird  o f 
tho a d d , the major bu ffe ring  occurring w ith in  tho c o lls  and In extra** 
c e llu la r  s tructures (bone, c a rtila g e , tendon).
The bu ffe rin g  capacity o f the serum prote ins o f the horse and 
o f man have been examined v j t r o  by Van Slyke, V/u and McLean (1923) 
and Van Slyko, Hastings, HI H e r and Sendroy (1920), and a d iffe rence  
was noted. Horse serum at pH 7.4 was found to  have per gram o f pro te in  
n itrogen, only 93% o f the bu ffe ring  a b i l i t y  o f normal human serum.
This d lffo ronce  might be explained by the d lffo renco vdilch existed 
between the re la t iv e  proportions o f albumin and g lob u lin  In the sera.
The album ln/g lobulIn ra t io  o f the horse serum was 0.0 , whereas tha t 
o f human serum was 1.6. Differences In the bu ffe ring  capacity o f 
p u r if ie d  albumin and g lobu lin  were shovm to  e x is t In both species.
For horse serum pro te ins over the range o f pH 6.8 to  7.4 and at 30^C, 
tho re la tio nsh ip  between pH and the amount o f a lk a li bound fey the 
pro te ins was expressed by an em pirical lin e a r equation, M**eq. base 
bound per gram globul In H «=* Û.40 (pH ** 4 .09).
In tho absence o f a comparable equation fo r  bovine Immune 
g lob u lins , th is  equation has been used to  ca lcu la to  the bu ffe ring  
capacity o f the g lobu lins  acquired by the c a lf .  In tho pH range 6.8 
to  7.4, 0.200 m. eq. o f base are bound per gram o f g lob u lin  n itrogen. 
Since the average n itrogen content o f prote ins Is about 16%, th is  v^ould 
mean tha t 6.5 grams o f g lo b u lin , through th is  range o f pH, would bind 
or lib e ra te  0.228 m. eq. o f base.
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By consulting Table 3.3, the mean c irc u la tin g  Inrauno g lobu lin  
concentration o f tho group o f caWes w ith  high zinc sulphate 
tu rb id it ie s  was about 2.2? g par Kg bodywelght. T ills  vfôuld Increase 
the bu ffe rin g  capacity o f the c a lf  by 0.0? m. eq. per Kg bodyweight.
This ca lcu la ted Increase In bu ffe rin g  capacity is  probably an 
underestimate fo r  two reasons. The range o f pU studied by Van Slyke 
was smaller than the range observed In these experiments In vAlch pH 
values o f loss than 6.6 ware seen. The other fa c to r which would tend 
to  cause an underest Imate Is tha t the g lobu lin  concentration per Kg 
bodyweight has been ca lcu la ted from the Intravascular g lo b u lin ; 
although exact figu res  fo r  calves are not ava ilab le  a t the time o f 
w r it in g , I t  Is known tha t there e x is ts  fo r  prote ins a s ta te  o f 
oq y llib rlu m  between the In travascular end extravascular spaces. An 
id en tica l quan tity  o f g lob u lin  may e x is t In the e x tra c o llu la r  f lu id  
which would cause a doiibl I ng o f tho concentrât ion o f g lo b u lin  when 
expressed on a bodyweight basis. A llow ing fo r  these e rro rs , the 
d iffe rence In bu ffe rin g  capacity which might be expected Is s m 11.
In th is  experiment the  fa ilu re  to  demonstrate an increased 
bu ffe ring  capacity associated w ith  high levels o f c irc u la t in g  pro te in  
Is perhaps understandable In view o f the find ings o f tho above 
authors* In order to  detect an increoso bu ffe ring  capacity o f th is  
nature a w re  sens itive  technique than the one used hero would have 
to  bo u t i l is e d .
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In an experiment o f approximately the same design, hydrochloric 
acid was Infused In to  neonatal calves In order to  produce cardiac 
a rrest (Stov/art ^  , 1965)* Although the apparent rates o f
Infusion o f acid In th is  experiment and the one described here are not 
s ig n if ic a n tly  d if fe re n t,  cardiac a rres t was produced In approximately 
h a lf the time and using about h a lf as much a d d  per k l log ram o f body" 
weight as was required In the present series. The reason fo r  th is  may 
bo associated w ith  tho concentrât Ion o f a d d  used# These workers used 
0.3 m hydrochloric a d d , whereas In th is  experiment a concentration o f 
0.15 ni was used which Is Iso ton ic . The longer duration o f the. present 
experiments would a llow  tho renal and resp ira to ry  compensatory 
mechanisms to  Increase the amount o f a d d  required. F in a lly ,  the 
method o f c o n tro llin g  resp ira tion  may have Influenced the re su lts , in 
the experiments o f Stewart ^  £ l*  (1965) resp ira tion  was contro l led by 
In te rm itte n t p o s itiv e  pressure In f la t io n  w ith  pure oxygon. However# 
the figu res  demonstrated fo r  c a lf  No. 3 In these experlnmnts show a 
raised pGO^  In the a r te r ia l blood suggesting tha t there Is 
simultaneously a marked resp ira to ry  c d d o s ls . In the present series 
a mechanical re sp ira to r was used only at the beginning o f tho 
experiment to  ad just the pH o f the blood p r io r  to  In fus ion . Thereafter, 
resp ira tions were allowed to  occur spontaneously. Hyporpnoea and 
tachypnoco were both present during Infusion.
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A sunmary o f tho experimental data obtained from each c a lf  Is 
given In Appendix No# 3»I and tho p rin c ip a l e lectrocardiographic 
changes have boon summarised In Table No* 3*5* The fo llow ing  figu res 
show the sequence o f changes observed In tho electrocardiogram and 
the blood pressure*
tnltin lfy th«r« m% tnchyc»rdl« #nd slight hypurtiuislort # 
Figure I,
ThI* w#$ followed hy e progressive slowing of the heert ret#  
end decline In the blood pressure Figure 2#
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The flowing of the heurt rate continued until normal rates were 
observed# but this was accompanied by the development of an Incomplete 
A.V. block* Lengthening of the PR Interval became apparent* the blood 
pressure rose markedly at this stage Figure 3*
As # result of continued Infusion# a pronounced bradycerdia 
developed* The blood pressure remained elevated  ^ Figure 4.
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although the degree of bredycerdU remelned epproximetely 
the feme# the blood pressure eterted to decline *  Figure 5*
With the development of hypotension, e gross bredycerdle 
developed* The Increase In the atK l^ltude of the T w#v#, shown In 
this and the preceding figures# was present only In # proportion of 
the calves* Similarly the broad KS complexes shown here Were noted 
terminally In two calves only (Nos* 9 and 10) •  Figure 6*
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r«rmtnally émuth m% du# to v«ntrloul#r #»yitol# In 6 d##v##
Figure '/«•
On# c#lf (No. 7) developed ventrlculer f lb r llle t lm  ^
Figure ?b.
In the remaining 3 calves (Nos. 6$ B# $) complete cessation of 
electrical ac tiv ity  occurred afte r a period of gross bradycardia.
Electrical alternans was observed In one calf only (No* 8) at 
the beginning of the experiment and was associated with tachycardia # 
Figure 7c.
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TABLE 3.5
Summary o f Ël cÆt rocai:.dlogr.apMç-
Sinus Încoiïîpleta Terminal Ventricular
yacîwctirdla Heart Block Bradycardia Asystole
4 -Î*
5 'Î-*
6 i'
7 i '
S
9 4-
10 4.
Present Absent
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Stevart ^  (Î9 te ) în an Investiga tion  Into the p o s s ib il i ty  
tha t cardiac a rre s t In the humn nmy be caused by a motaboUc acIdosIs, 
designed an experiment using neonatal calves and a technique 
approximately s im ila r to  tho one described here fo r  the production o f 
a severe ac idosis . A sequence o f e lectrocardiographic changes viero 
recorded w ith  tho development o f severe acidosis. Those changes were 
sinus tachycardia, e le c tr ic a l a lte rnans, 2 to  t heart b lock, complete 
heart block and u ltim a te ly  v e n tr ic u la r asysto le. Of 10 calves used In 
th is  experiment, 4 were classed as a typ ica l In that the expected 
sequence o f e lectrocard iographic changes did not occur. In tv/o o f 
these calves hypotension, bradycardia and broad dîiS complexes developed, 
another c a lf  developed v e n tr ic u la r f ib r i l la t io n  and the fou rth  one 
developed Id io v e n tr ic u la r rhythm.
In the present experiment, cardiac a rres t due to  v e n tr ic u la r 
asysto le was seen In a greater proportion o f calves than those 
described by the above authors. A s im ila r sequence o f e lec troca rd lo * 
graphic abnormal I t ie s  were not observed In tha t e le c tr ic a l alternans 
was seen only In one c a lf  at the beginning o f the ©xporlment,
Incomplato heart block was seen but was not cons is ten tly  o f the 2 to  I 
type, and complete heart block was not observed. The d iffe re n t and 
va riab le  e lectrocard iographic resu lts  obtained by those workers In 
4 calves were confirmed In th is  series . In both sets o f experiments 
one c a lf  developed v e n tr ic u la r f ib r i l la t io n  and tw»o calves developed
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In thits series and that reported by Stewart ^  due to
é if fn r tm m  In tW m lqw# fo r example, the InfWmc# # f a r t i f ic ia l  
ventilation and a wpcrlf#osW respiratory acîdosîi ara tmknown, but 
$m#$lhla wwrces o f varia tion .
The e lactm card lograph lc changes nhservml In neonatal calves w ith  
a m etaW llc aeldosim a r is in g  fmzn d la rrhom  have he$n d w c rlh W  by 
Fisher ( l# 5 ) .  In th is  paper bradycardia was ohierved tm W  m m  
m rked In calvas which m m  dying from the a ffe c ts  o f diarrhoea» Of 
calves which died, o r rhythm##* o f varions typos warn recorded In 8 
(3%%), thaso arrhythm ia* som tlm w  wore ussoclafeod w ith  slow heart 
rates and no a h n o rm llty  o f  the FQRST c m # lm  end sometimes w ith  
varions degrees o f  A**V b lock. In m o case only was o complete honrt 
block detected.
The re la tio n sh ip  between e lectrocard logm phic abîïormeîltîes and 
the hlochemleal composition o f c a lf  merm have been studied by several 
workers, Bergman m û  S a ile rs  (1954) found by e leva ting  the serum 
potassium cancantration to  over 0 m, eg, per l l t m  hy means o f 
In je c tio n  o f potassium chloride# the diseppeerencct o f tho f  mve# 
m rked alavetUm o f the T wave, widespread lo t reven ir Ic u la r block w ith  
occasional nodml rhythm and gm dm l cardiac # rr# $ t, geeth occurred 
In one en lrB l # t o p lw m  p o t# # lw  level o f l%? m, e g , / | | t f e ,  Btmmrt 
« Ü â l*  noied tha t during acid  Infusion brood QhS complexet^ were
associated w ith  hyperkelaemie# hut tha t norm# p o w ss im  leve ls  
war# prestn t In the calves id ilch  d##n$tre t#d  the *typ lc# l * »egu#nc#
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o f changes. This la t te r  find in g  is also supported by Fisher ( I965) 
who showed tha t In metabolic acidosis a ris in g  from neonatal c a lf  
diarrhoea, arrhythmias may occur w ith  normal serum potassium leve ls .
Me also noted tha t hyperUalaemia may occur w ithout arrhythmias and 
tha t In healthy calves e levation o f the T wave may occur w ithout 
hyperkalaemla.
Summaxy.
Two possible physio logica l functions o f Immune g lobu lins  have 
been Investigated. I t  has been confirmed tha t an expansion o f plasma 
volume occurs In the Immediate post natal l i f e  o f the c a lf .  This 
expansion Is not due so le ly  to  an osmotic e ffe c t exerted by the 
g lobu lins since an expansion o f s im ila r magnitude occurs In animals 
fed so le ly  upon m ilk . This expansion Is probably a temporary e ffe c t 
since using a s im ila r measurement technique, other workers (Dalton 
and Fisher, I 967) have found lower values. The reason why such an 
expansion should take place at th is  time Is not Immediately apparent.
One can only conjecture tha t the demands placed upon the cardiovascular 
system during the adaptation o f the newborn animal to  extra u te rine 
l i f e  necessitate a large plasma volume.
The bu ffe rin g  capacity o f the passively acquired g lobu lins  has 
proved not to  be o f any s ig n ific a n t value In terms o f the a b i l i t y  o f 
the in ta c t animal to  withstand experimentally Induced ac idosis . The 
reactions o f the c a lf  to  acid Infusion have proved to  be va riab le .
In view o f these facts  one must conclude that the major function 
o f these g lobu lins Is th e ir  Immunological one.
PART IV
INVESTIGATION INTO CERTAIN ASPECTS OF THE 
MECHANISM OF ABSORPTION OF OLOBUIINS FROM COLOSTRUM
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PART 4
The mechanîsm o f the tran s fe r o f passive InwnunIty from dam to 
o ffsp rin g  has been studied in many species and has been reviewed m s t 
recently by Brambeîî (1958). Species differences have been noted in 
the duration o f the absorptive capacity and In the s e le c t iv ity  o f the 
absorptive process* Possibly because o f p ra c tica l considérât ions the 
absorptive mechanism has been studied most intensely in laboratory 
rodents and re la t iv e ly  few investiga tions have been performed In 
domestic ruminants. In vImv o f th is  a review has bean made o f the 
li te ra tu re  re la tin g  to  the absorption mechanism In domestic animals. 
The aspects o f the absorption mechanism In calves which have been 
Investigated are the influence o f the time at which colostrum is fed 
on the amount o f Immune g lobu lin  which Is subsequently absorbed and 
the e ffic ie n c y  o f the absorption mechanism. 
t,jtarafcuro,JeyAav^^
The function o f colostrum In transm itting  to  the o ffsp rin g  the 
antibodies necessary to  ensure surv iva l during early  l i f e  was f i r s t  
recognised In mice by E hrllch  (1892). In 1912, Famulenor published 
the resu lts  o f observations made in goats. Immunised against sheep 
erythrocytes. Haemolysins were desionstrated In both the serum and 
the colostrum o f ImmimIsed goats, the concentrât Ion being higher In 
colostrum. At b ir th  no haemolysins were detected in the serum o f the 
newborn kids u n t i l  they had Ingested colostrum, a fte r  which they wore
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detectable. Mov/a (1921) observed tha t the serum o f newborn calves 
contained l i t t l e  o r no euglobulln o r pseudoglobulln I u n t i l  a f te r  
colostrum had been ingested. Following these observai ions, o ther 
workers have described in other species as well as c a t t le  the changes 
vjîiîch occur in the serum pro te in  p ro f i le  and antibody a c t iv i ty  
fo llow ing  the ingestion o f colostrum (Mason, B a lling  and Gordon, 1930; 
Earle, 1935; Schneider and Szathmary, 1938, 1939).
At one time i t  was thought tha t newborn calves were absolute ly 
d e fic ie n t o f Immune g lob u lins , but w lth  the development o f more 
sens itive  techniques o f de tection, small quan tities  have been found to  
bo present (F lerco, 1955a, I9& I; Kniazeff et a l . .  1967). These 
g lobu lins probably represent antibodies synthesised by the foetus since 
I t  Is known tha t the a b i l i t y  to  produce immune g lobu lin  Is present In 
the 132 day «"Old c a lf  foetus (Fennstad and Borg Potorsen, 1962).
in ruminants, horses and p igs, and to  a lessor extent dogs and
cats, there appears to  be no or very l i t t l e  prenatal transference o f 
antibodies. This s itu a tio n  Is un like  tha t perta in ing  In imn, the 
rabb it and guinea p ig , the young o f which species are born w ith  
substantia l leve ls  o f c irc u la tin g  Immune g lo b u lin . The reason fo r  th is  
d iffe rence has been suggested to  l ie  In the s tructu re  o f the placentae 
o f these species. As the number o f tissues Interposed between the 
maternai and foe ta l blood streams decreases, there Is an increase In 
the amount o f Immune g lobu lin  transfe rred  to  the foetus In u te ro .
Using the c la s s if ic a tio n  o f Grosser ( I90S, 1927), the cho rlo^a lIon to Ic
placentae o f mammls ntoy be placed in one o f four classes. These
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classes are, In order o f decreasing separation between maternal and 
foe ta l blood, ep ItheU ochorfa l (horse, p ig ) , syndesmochorial (cow, 
sheep, goat), endotholîochorlaî (dog, eat) and haonroehorlal (man, 
monkey, m ice). A fu rth e r c lass , haentoendothel I el was suggested by 
Massman (1926, 1937) to  describe the placentation o f the ra t ,  rabb it 
and guinea p ig . Under Grosser®s o r ig in a l c la s s if ic a tio n  the placentae 
o f c a t t le  ware described as syndesmochorial. Subsequent work by 
BJorkmsn and Bloom (1957) and by Hamilton, Harrison and Young (I960) 
has shown tha t I t  should be described as e p ith e llo ch o rla l end as 
such placed In the same class as horses and pigs.
The w rk  o f Braitibell end h is  colleagues (1958, 1966), however, 
suggests tha t th is  Is not theexp I anation o f the necessity to  tran s fe r 
passive Immunity by means o f colostrum. Those v^rkors have noted that 
In the ra b b it, Immune g lobu lins  v/are transm itted by way o f the 
u te rine  lumen and the yo lk  sac and not through the placenta. In 
those species In which the yo lk  sac Is exposed to  the u te rine  lumen 
during the major pa rt o f gesta tion , there Is a high prenatal level o f 
c irc u la tin g  imrnimo g lo b u lin . In the domestic animals the yo lk  sac 
re tra c ts  Into the um bilica l cord In early  gestation.
The h is to lo g ic a l changes which accompany the absorption o f 
p ro te in  molecules have been described In most d e ta il In ra ts  and mice 
by Clark (1959) using lig h t  and e lectron microscopy. S im ila r changes 
have been described In calves by Comline e t a l.  (1951b, 1953) and 
EI*Hageh (1967c), In lambs and kids by H i l l  and Hardy (1956), and In 
p ig le ts  by Payne and Marsh (1962a and b ), Mattlsson and Karlsson 
(1964), and Iccce (1966). Protein moleculos or other c o llo id a l 
substances are taken up by the c e ll through the process o f p inocytosls.
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By means o f th is  process a number o f small vesic les arc formed under 
the apical surface o f the columnar e p ith e lia l c e lls *  These smalI 
vesic les move away from the top o f the c o ll and In the process fuse 
w ith  one another, thus forming a much larger ves ic le  which f in a l ly  
discharges I ts  contents In to  the In te r s t i t ia l  f lu id *  From th is  
location most o f the pro te in  would appear to  enter the lac tea ls  o f 
the v lU I ,  pass In to  the main lymphatic vessels, and u ltim a te ly  enter 
the general c irc u la tio n  by means o f the thoracic duct (Com!In© et aj ,.» 
1951a). The In te rva l between the time o f feeding and the detection 
o f Immune g lobu lins  In the thorac ic  duct lymph or In serum Is about 
2 hours (Table 4 .1 ),
The regions o f the small In testin©  at which absorption occurs 
has been determined by Fierce and Smith (1967b). These authors 
measured In v l t r p  the tra n s fe r o f bovine IgG across the wall o f 
everted sacs o f pig In te s tin e , taken from d iffe re n t leve ls  o f the gut. 
I t  was noted tha t at the higher concentrât Ions o f IgG used, the 
greatest tra n s fe r occurred In the sacs taken from the middle th ird  o f 
the small In te s tin e . By means o f fluorescent microscopy E14lageh 
(1967b) demonstrated the absence o f p inocy to tic  vesic les In both the 
a n te rio r duodenum and In the term inal Ileum.
In studying the rout© o f transmission o f Immunity I t  was 
observed by Batty ^  ^1 .^ ( 1954b) tha t there were d iffe rences In the 
uptake o f a n tito x in s  by the yo lk  sac o f the rabb it depending on the 
species from which they had boon obtained. Assuming tha t the uptake 
o f rabb it a n tito x in  was 100%, tho re la t iv e  entry o f other a n tito x in s
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were; human, 81%; guinea p ig , Sf/ai dog, 25%; horse, 4%; and cow* 1%.
A s im ila r typo o f s e le c t iv ity  has been shown to  ex is t In tho gut o f 
tho ra t (H o lliday , 1955# 1957). Further studios on th is  mechanism 
have demonstrated th a t ce rta in  heterologous antisera may In te rfe re  
w ith  tho transmission o f homologous antibodies (Halt I day, 1957). I t  
imuld appear from the work o f Brarnbell âJL* (1958) th a t the serum 
prote ins which are responsible fo r  th is  e ffe c t are located In the gaima 
g lobu lin  fra c tio n . In viev/ o f th is  f in d in g , I t  was suggested tha t 
w ith in  tho gamma g lobu lin  molecule, there may be s p e c ific  receptor 
s ite s  which may be of Importance In determining tho s e le c t iv ity  o f 
In te s tin a l absorption. U t i l is in g  the method o f fra c tio n a tio n  o f the 
gamnm g lobu lin  molecule described by Porter (1959)# I t  was found that 
fragment 111 (Fc piece) was absorbed almost as read ily  as the e n tire  
molecule and more re a d ily  than the other two fragments (Fab) (Brambell 
a£.â l*» I960).
Hemralngs (i960) observed during the course o f work w ith  scrum 
pro te in  preparations labe lled w ith  Iodine Î3Î tha t the uptake o f 
s im ila r fra c tio n s  by the In tes tin e  o f 8 day o ld  mice was Influenced by 
the Iodinot Ion leve ls o f these molecules. S ig n ifica n t d iffe rences ware 
noted between preparations In vdilch the mean Iod ination leve l was 0.5 
and 3 atoms o f Iodine per molecule o f g lo b u lin . As a re su lt o f  th is  
fin d in g . I t  was suggested tha t since Iodine w u ld  only Influence the 
number and d is tr ib u tio n  o f ty ros ine  residues In the g lo b u lin  molecule, 
these may be Involved In the process o f absorption.
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In comparison w ith  tho absorption mochanism o f tho rabb it and 
ra t,  that o f ruminants and pigs Is remarkable by I ts  re la t iv e  non« 
s e le c t iv ity .  In tho c a lf  I t  has boon shovm that the gut Is permeable 
to  serum g lobu lins , serum albumin, and daxtran (Balfour and Com11no,
1959). Pierce (1959, I960, IS6la) has shown that the tran s ien t 
p ro te inu ria  which accompanies the feeding o f colostrum Is due to  tho 
absorption o f beta lactog lobu lIns and I ts  subsequent excre tion v ia  the 
kidneys. G elatin was found to  fo llo w  an Identica l route I f  given by 
mouth during the period o f pormeabllI ty .  Later work has shown that 
in su lin  may bo absorbed In tac t through the In te s tin a l ep ithe lium  
(Pierce «1 ©X., 1964) and also po lyv iny l pyrro l I done polymers o f 
roolecular weights 50,080 and 220,000 (Bag 11 on I , 1954). The
close q u a n tita tive  s im ila r ity  between th© absorption o f IsotopI© ally 
labe lled PVP and gaimna g lobu lin  observed by Hardy (1968) suggests that 
so lute sp e c ific  c a r r ie r  mechanisms are not Involved In the process o f 
absorption In calves. A s im ila r lack o f s e le c t iv ity  has been 
damn St rated In newborn p ig le ts  (01s son, 1959 ^ and b; Lecce, Matrone 
and Morgan, 1961; Leece and Moran, 1962; Bayne and Marsh, 1962;
Kaeberle and Segro, 1964; Lecce, 1966 and Pierce and Smith, 1967 a and b).
A hypothesis concerning tho mechanism o f the transmission process 
was forwarded by Brambell (1958, 1966). \ t  was suggested that
the process o f p inocytosis was not se lec tive , but tha t gamma g lobu lin  
molecules became attached to  receptor s ite s  located In the w a lls  o f 
the p inocyto to ic  ve s ic le . This attachment would expla in the 
s p e c if ic ity  o f the mechanism In tha t the receptors would be adapted to
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honiDÏogous gamma g lobu lin  and hoterologous g lobu lin  would In te rfe re  
only to  the extent to  which I t  f i t te d  th© receptors. Attachment to  a 
receptor would also pro tect the molecule from subsequent d igestion , 
since I t  was noted tha t almost a l l  o f a dose o f p ro te in  Is absorbed 
by the c e lls ,  but only a proportion o f I t  passes In to  the c irc u la tio n .
An a lte rn a tiv e  hypothesis has been suggested by Pierce and 
Smith (1367 a and b ). I t  was shown by these workers, using everted 
sacs o f pig In te s tin e  In v i t r o , tha t human serum albumin was 
transfe rred  p re fe re n tia lly  to  bovin© Immune g lobu lin  and that* In te r*  
ferenc© w ith  the tra n s fe r o f bovine Immune g lobu lin  occurred when 
albumin Is present In an equal concentrât Ion at the mucosal surface.
There was no ov I dance o f enzymic degradation. JiX v j ^  expor I monta * 
however, showed no evidence o f s e le c t iv ity  or In terference. I t  was 
pointed ou t, however, tha t d igestion vas occurring and the concentration 
o f pro te ins presented at the mucosal surface was not known, in view 
o f these fin d in g s , I t  was suggested tha t attachment to  receptors may 
take place at tho brush border rnambrane before p lnocytosls occurs. 
Provided that, a small ves ic le  Is formed, the amount o f  non* 
se lec tIve ly  absorbed pro te in  would be low In re la tio n  to  the bound 
antibody and tra n s fe r o f bound antibody v/ould be favoured 
Irrespective  o f In trave s lcu la r d igestion .
I t  Is possible tha t the cessation o f absorption o f hnmune 
g lobu lins may be due to  fac to rs  o ther than a change In the 
permaab111ty o f the In te s tin a l mucosa. Such a fa c to r may be tha t the 
maturation o f tho d igestive  processes may destroy or a lte r  the Immune 
g lobu lin  molecules. In a study o f the ga s tric  development o f the
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newborn lamb* I t  was found tha t the a c id ity  o f the abonmsum gradua 11 y 
Increased during the f i r s t  36 hours o f H fe  u n t il leve ls  were 
reached at which pepsin would he activa ted  (11111, 1956).
Comparative studies mode In ra ts  showed tha t In the young ra t,  the 
g a s tric  glands were not fu l ly  developed u n t i l  3 weeks o f to r  b ir th  
(lvammoraad,1942; H i l l ,  1956). The In tes tin e  o f tho young hedgehog has 
boon shown to  re ta in  I ts  a b i l i t y  to  absorb antibodies fo r  a t least 41 
days (Morris and S tee l, 1964). Studies made in th is  species have 
shown tha t g a s tr ic  pH c lo d !nos from near n e u tra lity  a t b ir th  to  
between pH 3 to  4 during the fou rth  and f i f t h  weeks o f l i f e .  /Isseys 
o f pepsin in the fundic mucosa revealed that pepsin was present In 
s ig n ific a n t amounts at 9 days o f age, and I t  was suggested, there fore , 
tha t the delay In the development o f p ro te o ly tic  d igestion was because 
the hydrogen Ion concentration was not adequate (Morris and S teel, 1957).
I t  was demonstrated by Jloog (1953) tha t adrenacortleal horrmnes 
w i l l  produce an increase In the a lk a lin e  phosphatase a c t iv i ty  o f 
suckling mice. Hal 11 day (1959) noted that: In ro ts the normal decline 
In absorption coincided w ith  the increase in a lka lin e  phosphatase 
a c t iv i ty  and tha t both processes could be induced prematurely by tho 
adm in istra tion o f large doses o f deoxycortIcosterone acetate or 
GortlsoriQ acetate. Clark (1959) observed tha t tho adm in is tra tion o f 
cortisone acetate to  0 to  10 day o ld  ra ts  a lte red  the columnar 
absorptive c e lls  o f the In te s tin a l mucosa so that they resembled those 
o f the adult animal, in con tracH stînction to  these fin d in g s , the work 
o f Morris and Steel (1964) has shown tha t cortisone acetate has l i t t l e
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e ffe c t upon the amount o f duodenal a lk a lin o  phosphatase In the 
hedgehog. I t  was found also that; a lk a lin e  phosphatase a c t iv i ty  f o i l  
during the f i r s t  30 days o f l i f e .  I t  Is possible tha t the aiïîount o f 
th is  enzyme present may not be a su itab le  Index o f In te s tin a l 
d if fe re n tia t io n  In th is  species.
The e ffe c ts  o f adm inistering cortisone (200*358 mg) or ACTM 
(120 I.V .)  to  calves was exam I ned by Oetitch and Smith (1957) and no 
change In In te s tin a l perrnaabllIty was noted during the f i r s t  40 hours 
o f l i f e .  S im ila r resu lts  In puppies were found by G il le t te  and 
F llk ln s  (1966) In tha t hydrocortisone In jected before being fed 
hyperimmune serum did not s ig n if ic a n tly  a lte r  antibody absorption.
The p o s s ib il i ty  tha t In these la t te r  experiments enough time was not 
allowed fo r  the adrenocortical hormones to  act Is supported by tho 
fac t tha t the adm in istrâ t Ion o f ACTH to  bitches 24 hours before 
p a r tu r it io n  caused a s ig n ific a n t reduction In the antibody absorption 
o f the pups (G ille t te  and F llk ln s *  1966). In the experiments o f 
Moog (1951)* C lark (1959) and Ha111 day (1959)@ the e ffe c ts  o f a 
s ing le  In je c tio n  o f hormone required 2 to  3 days before becoming 
apparent. S im ila r ly  the In je c tio n  o f cortisone acetate In to  starved 
newborn pigs appeared to  a ffe c t the mechanism so tha t no absorption 
o f gaima g lobu lin  was detected 48 and 72 hours a fte r  the In je c tion  
(Payne and Marsh* 1962).
Following upon the find ings o f Taskov/skI and iaskowski (1951) 
that the colostrum o f sows contained a tryp s in  In h ib ito r ,  several 
Investiga tions have boon ca rried  out to  ascertain the re la tio nsh ip
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botweon th is  substance and tho cessation o f antibody absorption In 
p ig le ts  (D arrick, 1954; Hordbring and Olsson, 1958 b and c ; and 
Chamberlain, Porry and Jonas* 1965) and calves (Dautch and Smith,
1957). In a l l  those Investiga tions tho common fin d in g  has bean tha t 
tho absorption o f Immune g lobu lins Is not Influenced to  a s ig n ific a n t 
degree by tho prosenco o f th is  In h ib ito r  substance. Negative resu lts  
ware also obtained by Deutch and Smith (1957) In attempt lug to  
prolong the duration o f absorption In calves by use o f an In h ib ito r  o f 
the enzyme ribonycleaso.
Steel (1965) observed tha t no absorption o f antibody occurred 
a fte r  the In je c tio n  o f Imnune serum In to  the In ta c t, but Iso la ted , 
duodenum o f 28 day o ld  ra ts . When previous to  the In je c tio n  o f the 
immune serum, the lumen o f the gut was washed w ith  warm Isoton ic sa line 
and the pancreatic and b i le  ducts were severed, absorption did occur. 
From th is  v/ork, I t  was suggested tha t In the ra t and hedgehog the 
cessation o f antibody absorption Is brought about a t least I n i t ia l l y  
as a resu lt o f a change In tho hydrogen Ion concentration which, In 
tu rn , allows tho p ro te o ly tic  enzymes to  become a c tive . In vIew o f tho 
lack o f s im ila r Information on tho absorption machanlsm o f ungulatos,
I t  Is not unreasonable to  assume tho presence o f a s im ila r mechanism. 
The fa ilu re  to  observe the uptake o f fluorescent gamsim g lobu lin  
molecules by the In te s tin e  o f o lde r animals o f other species In v i t r o. • '^ïpïrtïi iNîHWfiewtWto.îiT
suggests tha t other fac to rs  are Involved (Lecce, 1966).
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A study o f some o f tho fac to rs  present Sn bovine colostrum
which wore found to  Influence tho absorption o f g lobu lin  from the
small In tes tin e  has been niade by Balfour and Comllne (1962). A
131maximum rat© o f absorption o f I labe lled  g lobu lin  was obtained when 
th is  p ro te in  v/as administered In so lu tions containing a low molecular 
weight p ro te in  fra c tio n  (probably beta la c to g lo b u lin ), glucose*6* 
phosphate and Inorganic phosphate, a l l  present In concentrations 
normally found In colostrum. Using a s im ila r experIimntaI design as 
the above authors, a study has boon made o f tho e ffe c t on th© rate o f 
absorption o f im tabo lItes  o f known metabolic a c t iv i ty  (Hardy, I960).
These substances were the sodium and potassium sa lts  o f la c ta te , 
pyruvate and c it r a te ,  and o f ce rta in  lower v o la til©  fa t ty  a d d s . 
Absorption was fa d  11 tated,by so lu tions containing la c ta te  and 
pyruvate and espec ia lly  by potassium butyrato, which appeared to  be 
even more e ffe c tiv e  than colostrum o r whey. Q ,ualltatlve differences 
wore observed In the concentrât Ion and volume o f the tho rac ic  duct 
lymph obtained a fte r  the adm in istra tion o f butyrato so lu tions and 
co los tra I whey.
Using evorted sacs o f neonatal pig In te s tin e , iB  XlSJCB* Lecce 
(1966) observed tha t the uptake o f Immune g lobu lin  required oxygen 
and sodium. By use o f metabolic antagonists such as lodoacetato, 
arsenate, f lu o r id e , 4 ,6 *d ln ltro  c re so l, p h lo rrh lz in , anaoroblosis and 
co ld , th© uptake could be rove rs Ib ly In h ib ite d . Surface a c tive  agents 
did not produce non*speclflc  absorption a rte fa c ts . An Increase In tho 
oxygen consumption o f averted I le a l sacs o f 18 day o ld  ra ts  was noted 
during the absorption o f Immune glofeullns (Bamford, 1967).
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The effects of various hormones on tho absorption of antibodies 
has been studied by several authors. Holliday (1959) observed that 
aWosterone, progesterone, testosterone and stllboestrol did not have any 
appreciable affect on antibody absorption In rats. DIethylstllboestrol 
and progesterone, singly and In confinât Ion, were administered to calves 
by Deutch and Smith (1957), again without any detectable change In 
permeability occurring. Smith, Reed and Erwin (1964) could detect no 
difference between the absorption of 2 newborn calves which had 
received 30 mg of somatotrophIn at b irth  and 2 control calves. In 
puppies, G ille tte  and Fllklns (1966) found no difference In absorption 
between anhnals dosed with progesterone and control animals.
The possib ility  that the duration of absorption Is a function 
of gestational age was Investigated In piglets by payne and Harsh 
(Î962). Premature piglets of about 100 days and others of 118 days 
gestation did not exhibit any difference from animals farrowed at the 
normal time, I .e .  114 days* Similarly Smith (1964) could not
detect any difference In the absorption mechanism of calves removed by 
Caesarian section 14 to 19 days before the expected end of gestation.
In an attempt to observe whether gamma globulin would be 
absorbed by the bovine foetus, Smith â l*  (1964) Infused 30 to 50 g 
of gamma globulin Into the am lo tic  flu id  of 3 foetuses o f 6, 7 and 8 
months gestation. Serum samples taken at b irth  fa iled  to show a globulin 
content higher than that expected In untreated calves. The possibility  
that am lot I c flu id  swallowed by the foetus may contain a permeability 
factor was Investigated by Oeutch and Smith (1957) with negative results.
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The Influence o f a high level o f c irc u la tin g  Immune gîohulîn
on the absorptive a b i l i t y  o f the In tes tine  has been studied In p ig le ts  
by Payne and Marsh (1SS2) and In calves by Macckenbeeck* El*Mageh and 
Schoonaors (196?)■ In the oiparlmants reported by these authors no 
In h ib it io n  o f the uptake o f Immune g lobu lins by the In te s tin e  was noted.
A re la tio n sh ip  has been suggested between tho cessation of 
In te s tin a l absorption o f antibody and tho renewal o f Intestinal 
ep ithe lium  (EI*Nageh, 1967d). This hypothesis Is supported by the 
h is to lo g ica l d iffe rences observed In the pattern o f absorption o f newly 
born calves and those over 24 hours o f age. In very young animals 
absorption may be observed along the whole length o f the In te s tin a l 
v i l lu s  except w ith in  the crypts of hlebarkuhn, whereas In s lig h t ly  
o lde r animals absorption Is confined to the apical regions o f the 
v l l l l .
F in a lly  the removal and maintenance o f young ra ta  from th e ir  
mothers was shown to  re su lt In tho cessation o f antibody absorption 
3 days e a r lie r  than In non*deprlvod î î t t o r  mates (HallW ay* 1959).
Tho p o s s ib il i ty  e x is ts  tha t th is  procedure m y  have a "stress*' 
e ffe c t which would re su lt In the s tim u la tion  o f the adrenal cortex.
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THE INFLUENCE OF TIME OF FEEDING ON THE ABSORPTION OF IMMUNE GLOBULINS 
In Part I I  a re la tio nsh ip  between neonatal c a lf  disease and low 
serum Immune g lobu lin  leve ls  was demonstrated. In neonatal b u ll calves 
a very pronounced seasonal va ria tio n  was observed In the Immune g lobu lin  
levels o f serum* Possible reasons fo r  th is  va ria tio n  were forwarded In 
the discussion, among which was the p o s s ib ili ty  tha t calves were not 
being fed as soon as I f  ca lv ing had occurred under more natural 
conditions and the dams were allowed to  suckle them. Hence, the Immune 
g lobu lins  might be presented to  the In te s tin a l epithelium  during the 
period when I ts  absorptive capacity was on the wane*
The technique used by other workers to  determine the duration o f 
the absorptive a b i l i t y  In domestic animals have been numerous and 
varied . Because o f the large size o f an average l i t t e r ,  the p ig le t 
has been studied more In tensive ly  than other species. In general, I t  
has been assumed tha t the duration o f absorption in th is  species was no 
longer than tha t o f the other domestic animals, namely 24-36 hours. 
Nordbring and Olsson (1958a)» however, noted tha t absorption In 
p ig le ts  could continue fo r  72 hours a fte r  b ir th  I f  the p ig le ts  were 
maintained on ora l and parenteral f lu id s .  Payne and Marsh (1962a) 
found tha t absorption had ceased completely In p ig le ts  12 hours a fte r  
b ir th  i f  they were allowed to  be suckled Immediately a f te r  b ir th  or 
were fed modified cows' ml Ik . In marked con trast, p ig le ts  which had 
been starved o r fed on water on ly , retained th e ir  absorptive capacity 
fo r  over 106 hours. Asplund ej,* (1962) did not mention any 
d i f f ic u l t y  In the absorption o f antibodies by p ig le ts  which before
1 2 4
rccaîvîng colostrum were fed on skimmed ml Ik , Under these conditions 
I t  vas suggested tha t the cessation o f absorption o f gamma g lobu lins 
Is 21 to  11 hours a fte r  b ir th ,  Tho find ings o f Payno and Marsh (1962) 
arcs to  a large extent supported by tho work o f Lecce and Morgan (1962), 
who, using starved p ig le ts  and lambs, detected the absorption o f 
po lyv Iny lpyrro l I done 86 and 48 hours respective ly a f te r  b ir th .  Mo 
attempt was ntade to  estimate what proportion o f the te s t dose had been 
absorbed.
This subject had been fu rth e r pursued by Lecce (1966) who 
observed In p ig le ts  tha t the capacity o f the In testine  to  absorb was 
diminished by feeding pure aqueous so lutions o f ce rta in  substances, 
e.g. glucose, galactose, xylose, sucrose and lactose. I f  mare than 
BOO m. eq, o f  glucose were taken w ith in  24 hours o f b ir th ,  the 
absorption o f egg pro te ins appeared to  bo suppressed. This state 
could only be Induced a fte r  12 hours had elapsed since b ir th  and did 
not seem to  be Influenced by e ith e r the volume or concentrât Ion o f the 
so lu tion  Inducing the cessation o f absorption but so le ly  on the 
anwunt. The relevance o f these find ings to  tho absorption mechanism 
In calves Is not yet known, but: should they be v a lid , special regard 
must bo paid to  the methods described In tho l l to ra tu ro  and used to  
maintain calves before te s tin g  the absorption mechanism.
Thor© Is confusion In the li te ra tu re  about tho Influence o f 
s tarva tion or tho ingestion o f another food previous to  colostrum 
feeding, on the absorption o f Imtnune g lobulins by calves. Deutch 
and Smith (1957) fa ile d  to  prolong tho duration o f perm eability  by 
Intravenous feeding. Of 3 calves fed ml Ik  fo r 21-22 hours a fte r  b ir th .
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only one fo ile d  to  absorb .ab.o.r,ti\s. agg lu tin ins  from the colostrum 
( L i t t le  and O rcu tt, 1922). Stock (1961) before g iv ing  colostrum to  
calves f i r s t  gave thorn cows* m ilk , w lthout In h ib it in g  the absorption 
o f antibody, ll lb r lc h  (1962) noted tha t the previous Ingestion o f 
colostrum d e fic ie n t In £ r t | î iy j j ,  agg lu tin ins  did not In te rfe re  w ith  the 
absorption o f these antibodies when given la te r  In another colostrum. 
The Ingestion o f glucose water and the exclusion of a l l  other food or 
d rink  did net appear to  prolong the period o f perm eability  o f the c a lf  
I fit est Ilia according to  the m rk  o f Schoonaors and Kaeckenbeack (1964) 
and Fierce (1961a). These former authors also noted tha t pro te ins 
(cows * ml Ik  end egg white) o r glucose water did not reduce the a b i l i t y  
o f the In tes tin e  to  absorb antibodies contained In a la te r  feed o f 
colostrum, and th is  fa c t was confirmed In la te r  tvork (Kaeckenboeck, 
El^’Mageh and Schoonaors, I 967) .  Baglïonî (1966) noted tha t PVP given 
by mouth appears to  have the a b i l i t y  to  suppress the absorption o f 
colostrum pro te ins In calves. This a b i l i t y  seems to be re la ted  to 
the w ie c u la r  v/etght o f the polymer used In that 25% so lu tions o f 
molecular weight 50,000 were not e ffe c tiv e , whereas absorption v/as 
decreased by a 25% so lu tion  o f molecular weight 220,000 and was 
v ir tu a l ly  suppressed by a 10% so lu tion  of molecular weight 700,000*
In contrast w ith  the findings; o f the above'^'mentloncd authors, 
Henning (1953) noted tha t when one l i t r e  o f serum w ith  a high t i t r e  
o f S^. duklJjX ag g lu tin ins  was administered by mouth sho rtly  a fte r  
b ir th ,  the feeding o f colostrum from Immune cows 12 hours afterwards 
had no e ffe c t on the t i t r e  o f  the calves® serum. However, vdien 
calves were foci non-lmnune colostrum o r ml Ik  12 hours before being
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given Immune serum by mouth# thfâîr capacJty to  absorb these agg lu tin ins 
was noticeably reduced. S lm lU irly# Graves (1963) found tha t by 
feeding 1.4 H t res o f powdered skim m ilk  to  one c a lf ,  3 hours before 
bolng allowed to  receive colostrum from I ts  dam, no s p e c ific  antibody 
could be detected In I ts  serum, although high leve ls were present In 
the colostrum. Another c a lf  was given a meal cons is ting  o f 00 ml o f 
bovine serum d ilu te d  In 500 ml o f physio logica l sot I tie. A s lig h t r ise  
In the sp e c ific  antibody t i t r e  o f the c a lf  occurred fo llov/Ing th is  
meal, hut none was observed fo llow ing  tho ingestion o f colostrum 3 
hours la te r .
The discrepancies between the find ings o f Schoenaor and 
Kaeckenbeeck (1964) and Graves (1963) on the Influence o f the previous 
Ingest Ion o f ml Ik  may bo expIIcable  In terms o f the aimimts given to  the 
calves and tho tIme allowed to  elapse before colostrum was fed. The
former tmrkors administered 300 ml o f m ilk  and tested hours la te r ,
whereas Graves fed 1.4 l i t r e s  o f ml Ik  and then allowed the c a lf  to  be
suckled by I ts  dam* Due to  the largo va ria tio ns  seen In the t i t r e s  o f
the calves tested by Schoenaors and Kaockonbeeek, there Is some 
d i f f ic u l t y  In In te rp re tin g  the re su lts . That th is  v a r ia tio n  m y bo 
due to  the us© o f a constant volume o f colostrum ra ther than dosing 
on a bodyweight basis, must foe considered. A c r it ic is m  o f th© 
experiment reported by Graves Is tha t I t  was performed on one c a lf  
only which was then placed w ith  I ts  dam and assumed to  have obtained 
colostrum.
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Few conclusions may be drawn from these c o n f lic t in g  reports* 
Although no te s t o f absorptive a b i l i t y  sîm îîar to  tha t performed by 
Payne and Harsh (1.962a) has been reported, I t  would appear tha t the 
capacity o f the small In te s tin e  o f the c a lf  Is very much reduced a fte r  
tho f i r s t  day o f l i f e  and possibly a fte r  m ilk  or colostrum feeding,
A summary o f the li te ra tu re  re la tin g  to  the duration o f 
absorption In calves and other domestic animals is  given In Table 4*2,
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tri view o f the leak o f m m t  tnfornmtton on the cessation o f 
In to s tin o î pe m eab iIIty  the p o ss lb iU ty  e x is ts  tha t calves msy he 
being fed colostrum too la te  fo r  them to  absorb the maximum amunt 
o f g lobu lins* A t r i a l  was ca rrie d  out w ith  the aim of observing the 
Influence of time o f feeding on the amunt o f  g lobu lins  absorbed#
pufposo o f tH Î s ©Kporîmcnt
was to  stim u la te  the conditions under which calves are born and reared 
on local forms* Accordingly Î3Û cmvs ware allowed to  calve e ith e r 
standing In a byre o r In a W)se box. As soon as ca lv ing  had taken 
place, the c o if  was removed from the cow and placed In a small cub ic le  
wîiîch was bedded w ith  straw. Tha c a lf  was dried  w ith  sacking o r straw. 
Depending on the group to  which the c a lf  had been a llo ca ted , p in ts  
o f  colostrum were o ffe re d  between 0«*6 hours, 6*l&  hours, I&#I8 hours 
a f te r  b ir th *  The calves In a l l  groups ware fed a s im ila r volume o f 
colostrum approximately Î2 hours la te r  and the rea fte r they waro given 
m ilk*
Immune g lob u lin  leve ls  o f the c a lf  sora w re  measured 40 hours 
a fte r  b ir th  using the «Inc sulphate tu rb id ity  to s t os desorbed In 
Part I*
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The means and standard e rro rs  o f each group o f calves are shown 
In Table 4 .3 .
TABLE 4.3
Time o f Feeding No. o f Calves Mean ^ S.E,
«ïjt»
0 -  0 24 20 " 1. 8
6 - 1 2  I I  11.4 -■ 2 .2
12 -  18 IB 8 -  1 .8
There ex is ts  a s ta t is t ic a l d iffe rence o f p <  0.00Ï between the 
serum Immune g lobu lin  concentrât Ion o f those calves fed w ith in  6 hours 
o f b ir th  and those fed a fte r  th is  time. No s ign ifican t; d iffe rence  
ex is ts  betvfôen those calves fed between 6 and 12 hours and those fed 
between 12 and IS hours a f te r  b ir th .
The Ind iv idua l resu lts  %vhIch make up each group are shown In 
Figure 4 .1 . The means o f each group arc connected by a line *
The primary ob ject o f th is  Investiga tion was to  os teb llsh  in 
q u a n tita tive  terms what: Initfnune g lobu lin  leve ls may be obtained by 
calves fed colostrum a f te r  ce rta in  times had elapsed since b ir th  
and under a system o f management s im ila r to  that used on local farms. 
In such an experiment there are several sources o f v a r ia t io n , the main 
ono being the amount o f g lobu lin  taken by the c a lf .  This fa c to r Is 
probably con tribu to ry  to  the largo sca tte r which e x is ts  In each 
group In tha t sub^imxlmal closes have been taken. Largo va ria tio n s
Fîg. 4 .3 . The Influence o f tîrna o f feeding on the absorption o f 
Î imiune g 1 obu Uns f  rom co lost rum,
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have been noted In the uptake o f colostrum proteins In other species 
under ono system o f imnagoment (Speer e|tâî**» IS59; Mordbring and 
01sson » 1957; M il lo r  ^X* » 196%; F Î Î  kIns end Q I1 lo tto , Î 966 ;
Perry and Watson^ 19&7 a and fo). In sp it#  o f these variab les a 
s ig n ific a n t d iffo renco  In the mean leve ls  o f Inmme g lobu lin  can ba 
observed between the 0«*6 hour and the 6*^12 hour groups*
Several po in ts o f Importance have been h igh ligh ted  by the 
resu lts  o f th is  t r i a l .  In the group o f calves fed w ith in  6 hours o f 
b irth»  50% have Immuna g lobu lin  levels o f loss than 20 zinc sulphate 
tu rb id ity  u n its . By re fe rr in g  to  the corre la tion» demonstrated In a 
previous section* between Immune g lobu lin  levels and fa ta* H: can be 
seen tha t these calves would be vary susceptible to  neonatal 
diarrhoea and c o lîsoptJcaemîa* One possible reason why these calves 
should have, low leve ls  o f passive Immunity might be a low hmiun# 
g lobu lin  content o f tha colostrum. Although actual mo$suremants were 
not made on each sample* a small survey o f the Immune g lobu lin  content 
o f colostrum taken from 18 newly calved covjs revealed mean leve ls o f 
8,0 « 2.5 g/100 ml. Fey and Hunyady (1962) hove also looked at the 
Inminc g lobu lin  leve ls  o f colostrum in an attempt to  f in d  a 
co rre la tio n  between hypaganirvaglobulInaemia and c o lîseptîcaemîa in 
calves* Those authors found in 51 samples mean levels o f 
7.8 « 2.2 0 per 100 ml whey. Those find ings are also supported by the 
work o f Meyer and Steînbach ( I965) vjho found mean levels o f 9*9 3.3 g
per I #  ml Wiey*
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The other fa c to r m ro l ik e ly  to cause those low leve ls  Is the 
volume of colostrum Ingested, A proportion o f calves do nottake 
read ily  to  d rink ing  ml Ik from a bucket. Some may refuse to  d rink at 
a l l  o r may d rink  a l i t t l e  slowly w h ile  others attempt to  tea t seek by 
extending th o ir  head and neck forwards and then attempting to  bu tt by 
ra is ing  th e ir  heads fo rc e fu lly  upwards. Faced w ith  such a c a lf*  a 
stockman may be Inc lined  e ith e r to  be s a tis fie d  a fte r  a re la t iv e ly  
sm i I volume o f colostrum has been taken or to  abandon the attempt 
fo r  several hours In the bel lo f  tha t the c a lf  w i l l  be hungrier and 
possibly mom tra c ta b le . Unfortunately* In th is  t r ia l  the volume taken 
by each c a lf  I n i t ia l l y  v/as not recorded* ne ither was the readiness to  
drink from a bucket,
A t r ia l  o f a s im ila r nature to  th is  one has been reported by 
Smith 1^, a t,  ( I967) ,  The Immune g lobu lin  content o f the serum o f 30 
fad colostrum from a bucket up to 12 hours a fte r  b ir th  was 
measured. The results are very s im ila r to  the ones obtained hare* but 
again no measure was taken o f the volume o f colostrum taken by each c a lf,  
A po in t o f p ra c tica l Importance la I llu s tra te d  by the amount 
o f absorption which has occurred In the calves fed I2y|8  hours a fte r  
b ir th .  The m a jo rity  o f those ca tvos have absorbed Invnuno globulins 
to  soma small degree. I t  has been assumed generally t lia t the In tes tine  
of the newbarn c a lf  Is permeable to  Immune g lobu lins fo r  24«*36 hours 
a fte r  b ir th  (see Table 4 .2 ). This statement may be fa c tu a lly  correct 
in that small q u a n titie s  may enter the c irc u la tio n *  but from the point 
o f VIew o f disease prevention* i t  appears tha t the amounts absorbed 
w u ld  fee In s u ff ic ie n t.
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I t  îs In te res ting  to  compare the resu lts  o f both th is  t r ia l  and 
tha t reported by Smith aj[,, (1967) w ith  the Investiga tion  carried  
out by Kaeckaibeeck ^  ei# (1961). Those workers noted tha t under 
th e ir  system o f te s tin g  the absorptive a b i l i t y  o f the In to s t Ina* o 
decrease In the absorptive capacity started between 12 and 16 hours 
a fte r  b ir th  and complete cessation occurred a fte r  96 hours. In th is  
t r ia l  and tha t o f Smith a decrease In eîbsorpfcîvo a b i l i t y  would appear 
to  occur between 6 and 14 hours. The reason fo r  th is  d iffe rence  may 
l ie  In the methods o f te s tin g  absorption. The system omployod by 
Kaeckenbaeck pt a.1. (1961) Involved the feeding o f a te s t dose o f 
200 ml o f colostrum w ith  a high t i t r e  to  ,£* £B1L 8.137» whereas In the 
present series a much la rge r volume* and hence a higher dose o f 
g lobu lin * was given. I f  the amount o f g lobu lin  presented to  the 
In tes tine  Is less than the amount which can be absorbed from the time 
o f dosing u n t i l  cessation o f absorption occurs* then tha process o f 
shutdown w i l l  not be dotoctod. Only wheti the capacity to  absorb Is 
less than tha amount o f g lobu lin  presented w i l l  detection bo possible. 
This may explain the differences encountered In the apparent onset o f 
shutdown o f absorptive a b i l i t y .  S im ila rly  the use o f a small doso o f 
colostrum has suggested to  Kaeckonbeeck ^ - a i .  (1961) tha t the ra te  o f 
absorption Is described by a sigmoid curve, being a t maximum fo r  
several hours, then declin ing  ra p id ly , and f in a l ly  pe rs is tin g  at a much 
reduced le ve l. In view o f the c r it ic is m  mantlonod previously, I t  
may be possible tha t the s ta te  o f maximum absorption ra te  does not 
pe rs is t fo r  several hours, but s ta rts  to  decrease In a lin e a r fashion 
from b ir th .
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As a resu lt o f t r ia ls  canducted In a da iry herd, Meyer and 
Steînbach (1965) concluded tha t absorption begins to  be syppressod 
about 8 hours a fte r  b ir th .  However, I t  was pointed out by these authors 
tha t the calcu lated regression between the time o f d rink ing  and the 
gamma g lobu lin  content o f the c a lf  serum, was un re liab le  fo r  the period 
0«*5 hours a f te r  b ir th  duo to  the lack o f observations during th is  
period. In ad d itio n , the volume o f colostrum o ffe red  to  the calves 
v^ as less than would have been Ingested I f  fed to  sa tia tio n s , and so 
the tim ing o f the shutdown may have been ovorostliTiatod,
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SECTION B
ESTIMATION OF THE EFFICIENCY OF THE ABSORPTION MECHANISM
In Section II  o f th is  thesis I t  was shown tha t calves w ith  high 
leve ls o f c irc u la tin g  Immune g lobu lins were not susceptib le to  die from 
e ith e r col I septicaemia or neonatal diarrhoea. The calves w ith  the 
highest leve ls o f passive Immunity may have a serum g lob u lin  content 
which Is 2-4 g per 100 ml higher than colostrum deprived animals. 
Assuming a plasma volume o f 7% o f the to ta l bodyweIght, a c a lf  weighing 
35 Kg would have c irc u la tin g  w ith in  I ts  vascular system approximately 
50-100 g o f immune g lo b u lin . The question which arises from th is  fac t 
Is how much colostrum must be fed In order tha t th is  amount may 
accumulate w ith in  the c ircu la tio n ?
Several attempts have been made to  estimate the e ffic ie n c y  o f 
the absorption mechanism In calves and p ig le ts . Bangham ^  aj[, (1958)
131fed I labe lled  adult bovine serum and colostrum pro te ins to  newborn 
calves. W ithin 3 hours o f feeding, 8-16% o f the labe lled  pro te ins were 
found In the c irc u la tio n  and by 20 hours, th is  percentage had decreased 
to  5"10%. The Inaccuracies inherent In the technique used to  estimate 
absorption e ffic ie n c y  were pointed out by these authors. Among the 
unknown fac to rs  are the percentage o f the dose which reaches the c e ll 
surface and hence Is ava ilab le  fo r  absorption, and the ra te  o f 
equ ilib rium  o f the prote ins between the Intravascular and ©xtravascular 
pools.
In a study of soma facto rs  vjhlch Influence the ra te o f
absorption In calves, Balfour and Comllne (1962) noted tha t w ith in
131300 minutes o f Infusing I labe lled  bovine gamma g lo b u lin , between
12 and 25% o f the labe lled  pro te in  could be recovered from the thorac ic  duct
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Pîerce (1961) examined the serum o f a c a lf  a fte r  being fed a m ixture o f 
hyperimmune equine serum contain ing d iph theria  a n tito x in  and maternal 
colostrum. I t  wa$ ca lcu la ted tha t 30% o f the a n tito x in  which was fed 
m s  c irc u la tin g  In the plasma. As In the work o f Bangham gt aj ,,.
(1958) the plasma volume was not a c tu a lly  measured, and no allowance was 
made fo r extravascular losses.
in p ig le ts , absorption e ff ic ie n c ie s  o f approximately the same 
magnitude as have been found by the above authors have been reported 
(Nordbring and Olsson, 1958 a and b; Olsson, 1959 a and b; Poriy and 
Watson, 1967 and Pierce and Smith, I967 a ).
ïhe roex ls ts  in  the l i te ra tu re  some disagreement about the 
e ffic ie n cy  o f the absorption mechanism at d iffe re n t dosage rates.
Olsson (1959 a and b) and Payne and Marsh (1962) both s ta te  tha t the 
amount o f g lobu lin  absorbed is  proportional to  the amount fed. In a 
series o f c a re fu lly  conducted t r ia ls  in which d iffe re n t amounts o f 
g lobu lin  were fed to  p ig le ts  in a volume o f 2.1 ml per 100 g 
bodyweIght, Pierce and Smith (1967 b) found tha t below ce rta in  
doses, the absorption was not p ropo rtîona l. When 9*5 9 bovine IgG 
was fed, only 1% was absorbed; but when 2 g were fed, the proportion 
increased to  10%. With doses o f 2-4 g, th is  percentage remained 
constant.
In contrast w ith  those fin d in g s , Perry and Watson ( I 967 a) 
observed tha t the e ffic ie n c y  o f the absorption o f antibody decreased 
as the amount o f antibody increased above a ce rta in  le v e l. I t  was 
suggested tha t a mechanism s im ila r to  tha t observed by Chapman- 
Andresen ( I96I )  may be Involved. This author noted tha t in
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exporïmants w ith  Amoehp nroteua. pïnocytosîs v/as arrested by placing 
the organism In progressively more h igh ly  concentrated pro te in  
so lu tions. The p o s s ib il i ty  tha t tha method o f management and dosing 
may have Influenced the absorption e ffic ie n c y  cannot be Ignored. Tha 
aîîporîments performed by Parry and Watson (1966) v/ere conducted on 
p lg lo ts  which were allowed to  obta in colostrum from the sow during the 
mperImental period, whereas the p ig le ts  used by the previous authors 
have been removed from the sow fo r  the duration o f the experiment.
Tha e ffe c t o f the amount o f antibody and the tim ing o f dosing 
on the anmmt o f antibody absorbed has been studied In calves by 
Schoonaera and Kaeckanbecck (1964). These authors using a pool o f 
colostrum w ith  a high agg lu tina tion  t i t r e  to  JE. go 1,1. 0.137. fed 
200 ml and 600 ml o f colostrum to  two groups o f calves Im m dlate ly 
a f te r  b ir th .  The re su ltin g  agg lu tina tion  t l t r o s  obtained from these 
calves wore compared w ith  a th ird  group which was fed 3 meals o f 
200 ml o f colostrum a t 6 hour In te rva ls . Tha calves which received 
200 ml and 600 ml Snwedlately a f te r  b ir th  developed average 
agg lu tina tion  t l t r o s  o f 3/600 and 1/700 respective ly . In marked 
con trast, tho calves vjhlch received 600 ml divided In to  3 equal doses 
had an average t i t r e  o f 1/1750. The conclusion drawn from th is  
experiment Is tha t the mast ac tive  transmission o f Immunity Is a tta ined 
by adm inistering colostrum In several meals o f moderate volume.
In view o f the work described above. I t  v/as decided to  
Investigate the re la tio n sh ip  betv/een tho amount o f gammw g lobu lin  Ingested 
by a c a lf  and the amount absorbed. From th is  re la tio n sh ip , an estimate 
o f the e ffic ie n c y  o f the absorption mechanism might be formed.
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4Î5i-aB.<LMj2Sd5.
yiafiagamept, of. Calves. Calves wore removed from th o îr  dams
Inwodlately a f te r  birth® d ried , weighed and put In to  a cub ic le . A 
blood sample was taken from the Jugular vein fo r  estim ation o f the 
to ta l scrum p ro te in  concentrât Ion. Approximately 1 ga llon o f 
colostrum was taken from the cow and a measured volume was o ffered 
îïmiedîateîy to  the c a lf .  Calves were allowed to  drink to  s a tia tio n , 
and the volume Ingested was found by measuring the volume le f t .
Colostrum was again o ffe red  to  tho c a lf  at the fo llow ing  feeding 
time. I .e .  morning or la te r  afternoon, and the volume taken was again 
recorded. Once 15 hours had elapsed since b ir th ,  only ml Ik  was 
o ffe red  at the next and subsequent feedings. A fte r 72 hours had 
elapsed, the c a lf  was rewolghed, a second blood sample was taken, 
and then the plasma volume was estimated. This period was chosen In 
order to  a llow  the absorbed g lobu lins time to  equi11brate between the 
in travascu lar and extravascular spaces.
plasma Volume Estim ation. Plasma volume estim ation was performed 
using Evans Blue dye (TI824) and using the same technique as described 
In Section I I I .
IMiiiaaU .^M.jQ2l.asia:waJte a ao mi sample of
the colostrum o ffe red  to  each c a lf  was taken. From th is ,  whey was made 
by adding to  I t  a few drops o f a commercially ava ilab le  rennet and 
placing the sample In a water bath a t u n t il adequate c lo t t in g  had 
occurred. Tho whey was separated from tho c lo t and centrifuged to  
remove small portions o f casein. Tho pro te in  concentration o f the whoy 
was measured by the. b iu re t reaction (Varley, 1963).
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Using î2 X 2.5  cm cqIÎu Îosq acotato s tr ip s  (Oxold L td .,
Southwark Bridge Road, London, SEî), oloctrophorosis  o f the vvlioy 
samples vas ca rried  ou t. A b&rhltono n-oetoato b u ffe r o f pH 8.6 was 
used and a current o f IrnA per s t r ip  was applied to  2 hours. The s tr ip s  
m m  fixed  by passing through 5% aqueous tr ic h lo ra c e tic  a d d  and then 
placed fo r 10 minutes In a s ta in ing  so lu tion  containing 0.2% Ponceau S 
In 3% aqueous tr lch la ra ce tIc . a d d . A fte r s ta in ing , the s t r ip  was 
washed In several changes o f 5% aqueous acetic  a d d  u n t i l  the 
background was completely white.
The re la t iv e  proportions o f tho v/hay prote ins ware measured 
using an In teg ra ting  dondtomater (Chrorsioscan, Joyce Loebl, tiatoshead, 
England). Tho s tr ip s  m m  placed wet on the white mat backing p la te  
o f tha sample hoi dor and evaluated by reflectance. Provided tha t 
scanning was performed w ithout delay, no a r t ifa c ts  due to  the e ffe c ts  
of drying were apparent*
Th© amount o f g lobu lin  Ingested by the c a lf  was ca lcu la ted by 
m u ltip ly ing  tho volume o f colostrum Ingestod by tho concentration o f 
the gamma g lo b u lin .
I t  was real I sod tha t the quan tity  o f g lobu lin  determined by 
th is  ca lcu la tion  was an overestimate because In the process o f whey 
formation, a casein d o t  Is formed which constitu tes a s ig n ific a n t 
proportion o f the to ta l volume o f colostrum Ingested. Therefore, an 
©StInmto o f the re le t I va size o f the casein c lo t was made. To 10 ml 
samples o f colostrum, taken from 12 d iffe re n t cows* a few drops o f 
rennet v/era added. The colostrum samples were then placed In a va te r
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bath at 37 C and le f t  fo r  several hours u n t il whoy had formed. Tha 
samples were than centrlfugod and tha volume o f tho supernatant wlioy 
o f each sample was then maasured. The resu lts  are shown bolow.
TABLE 4.4
Sample No. Vol. o f VJlisy (ml) Sample tto. Vol. o f Whey (ml)
1 8.9 7 7.9
2 8.5 8 8.4
3 8.6 9 8.0
4 8.9 10 0.5
5 7.8 I I  7.9
6 8.7 12 8.3
The mean volume and standard deviation Is 0.3 ^ 0.39 m l. From 
th is  small experîment» I t  would appear tha t the casein c lo t  formed as 
a re su lt o f tho action o f rennet* occupies about 17% o f th© in i t ia l  
volume o f colostrum. No estim ation m s  made o f the quantity  o f whey 
which remained trapped w ith in  the casein c lo t .
|J lliîay.m .M .J!îSaC J?Ü ^ Tha aiwunt o f g lobu lin
absorbed by the c a lf  was calculated by m u ltip ly ing  tho d iffe rence in 
tho concentration o f the serum prote ins before and a f te r  colostrum 
feeding by tho plasma volume. When th is  quantity o f g lob u lin  is  
expressed on a bodyweight basis and cojapared w ith  the quan tity  
ingested by the c a lf  expressed In s im ila r terms* a measure o f the 
e ffic ie n cy  o f absorption is  found, i t  is  recognised tha t several 
factors w i l l  tend to  make th is  fig u re  on underestImate, and those w ill 
be discussed la te r .
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Res.u.lt._^ .
ïho rasiiU» o f th is  Investiga tion  arc shown In Tables 4*5 and 
4.6* The mean volume o f colostrum Ingested by these calves was 2.96 
l i t r e s .  This volume represents a mean quantity o f 214.0 g o f g lob u lin . 
This qu an tity , when expressed In terms o f dosage on a body weight basis* 
gives a mean dosage ra te  o f 6.18 g o f global In per Kg iiady weight. The 
resu ltan t Increase In the mean serum pro te in  concentration o f the 
calves was 1.92 g per 100 ml and the Increase In the mean Intravascular 
g lobu lin  concentration expressed on a body weight basis was I #58 g 
per Kg body weight.
The re la tio n sh ip  between the amount o f g lobu lin  presented and 
tho amount o f g lobu lin  absorbed Is shown In Figure 4 .2 . The co rre la tio n  
between these two parameters Is expressed by the equation y » 0.16x •> 0.6* 
where y -  amount o f g lobu lin  absorbed (g per Kg. body weight) and 
K afïïount o f g lobu lin  presented (g par Kg. body w eight). Th© c o e ffic ie n t 
o f co rre la tion  r  0.629.
I t  would appear tha t In the newborn c a lf  tho amount o f g lobu lin  
absorbed Is proportional to  the amount Ingested. This fin d in g  v/ould 
agree w ith  s im ila r observations made In p ig le ts  by Olsson (1959 a and b ), 
Payne and Marsh (1962), and to  some extent w ith  the find ings o f Pierce 
and Smith (196?).
This re la tionsh ip  may be o f Importance In the explanation of 
the occurrence o f low Iniimme g lobu lin  leve ls In market calves. A 
minimum quantity  o f Immune g lob u lin , e.g . 50 g* must be absorbed In to
u\
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Fî9 * 4 .2 . The re îa tîoushîp  between the amount o f g lobu lin  ingested and 
the amount absorbed by the newborn c a lf .
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tha c irc u lâ t Ion to  pro tect o M  Kg c o if  from the e ffe c ts  o f  neonatel 
dîseas©. This amount Is tho équivalent o f 1*42 g per Kg body weight# 
and I t  may be ca lcu la ted from tho regression equation tha t th is  amount 
o f absorption would requires feeding a t tho ra te  o f 6.1 tj g lobu lin  per 
Kg body weight. Assuming an average wîîoy g lobu lin  concentration o f 
0.0 g per I #  ml# I t  would require  2*? l i t r e s  o f colostrum whey to  be 
fed. From observations made on several samples o f colostrum# I t  would 
appear tha t whey forms approximately 80% and the curd# Z0% o f the volume 
o f colostrum* Applying th is  fa c to r to  the estimate o f the volume o f 
v/hoy# a volume o f 3*2 l i t r e s  o f c o lo s trm  would have to  be fed w ith in  
l^ > hours o f b ir th .
The average e ffic ie n c y  o f absorption In th is  series o f calves 
Is 23%. This Is  a higher fig u re  than tha t ca lcu la ted by Nordbring 
and Olsson (193B a and b> and Olsson (1939 a and b) In p ig le ts#  
although I t  does come w ith in  the upper l im it  o f 23% mmtloned by 
Balfour and Gomllno (1962) and 30% mentioned by Pierce (1961). The 
reason fo r  th is  m y  l ie  In tho fa c t tha t the actual plosmn volume o f 
each animal was measured. I t  has been shown tha t during the f i r s t  few 
days o f U fa  In p ig le ts  (fteCanco and WWdowson# 1939) and In calves 
(Port M l o f th is  tha s ls ) tha t tiio ro  occurs an expansion o f the 
plosnB volume. This mpanslon has not been taken In to  consideration 
by the m a jo rity  o f  vmrkors# m e t o f whom have ossmmd a plasn%# volume 
o f 3% o f to ta l body weight. Taking tha find ings o f HeCanco and 
Vllddowson (1939) and Kami (196)) In to -considérât Ion# o volume
o f botweon 7 and %  w u ld  be more accurate fo r ono'*day o ld  p ig le ts#
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and from tho observations e a r lie r  on calves# a value o f $%*
Accordingly the e ff ic ie n c y  figu res  o f these workers could be elevated*
A second fa c to r %v)ilch gives r is e  to  m  apparently low 
absorption e ff ic ie n c y  Is the fa c t tha t only the absorbed g lo b u lin  tvhich 
is  contained In the In travascular compartment has been measured and no 
account has been taken o f  the extravascular poo l, The sl%e o f th is  pool 
In neonatal calves Is  not yet known# although figu res are avo liab le  fo r  
adu lt c a t t le .  Hansen and No11sen (1966) using îso to p îco lly  labe lled 
IgQ have found an average extravascu lo r/in travascu la r ra t io  o f about 
0*7* Assuming tho t th is  ra t io  perta ins in neonatal calves ictu ld mean 
th a t In ad d ition  to  the 30 g o f globuUn located w ith in  tho In tra#  
vascular space# an add itiona l Q Has In the extravascular space# and 
0 to ta l ' amount o f % g have been absorbed. This m u id  a llow  the calculated 
e ffic ie n c y  to  r is e  to  39%*
F ina lly#  i f  allowance is  made fo r  tho fac t tha t tho casein c lo t 
occupies about 17% o f the I n i t ia l  ve lum  o f colostrum# the ca lcu la ted 
e ffic ie n cy  o f tho absorption mechanism v^uld ba about 46%.
I* The o ffa c t o f delaying the feeding o f colostrum beyond 6 
hours a f te r  b ir th  re su lts  in a dim inution o f tho serum immune g lobu lin  
leve ls a tta in a b le  by tha c a l f .
2. Under the system o f managamant described# the atnount o f g lobu lin  
absorbed by a c a lf  is  proportiona l to  th© amount fed w ith in  13 hours o f 
b ir th *
3. The ca lcu la ted e ffic ie n c y  o f the absorption mechanism Is 
approximately 46%.
GENERAL SUMMARY AND DISCUSSION
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GENERAL ANp DISCUSSION
In th is  thes is  I t  has bmn shown tha t In the performance o f the 
z inc sulphate tu rb id ity  te s t there are many fac to rs  which may Influence 
the development o f the tu rb id ity  reaction .
Probably the most Important o f these are the temperature and pH 
at which the te s t Is  performed. These factors# In ad d ition  to  other 
variables# such as tho time allowed fo r  the development o f  tho 
reaction and the Ion ic strength o f the reagent# may bo co n tro lle d  by 
the adoption o f standardised conditions w ith in  the laboratory. The 
Influence o f variab les occurring In the serum sample I ts e lf#  such as 
the presence o f hemolysis# may bo minimised by the use o f a f i l t e r  In 
the co lorim eter and by use o f contro l samples. Other factors# such as 
tha presence o f fe tu in  and the concentrations o f alpha and beta 
g lobu lins and albumin# cannot be contro lled# although the in fluence o f 
albumin would appear to  bo minimal a t physio log ica l le ve ls .
Once a standardised technique fo r  the performance o f the te s t 
was established and tho accuracy o f I ts  re p a a ta b illty  dotarm!nod# the 
te s t was ca lib ra te d  against various fra c tio n s  o f the serum p ro te ins .
This c a lib ra tio n  co rre la ted  the tu rb id ity  developed In tho te s t v#ith 
tho concentration o f to ta l serum proteins# to ta l g lobulin# IgO and 
IgH. The closest co rre la tio n  was found w ith  the Immune g lobu lins*
In Fart 2 o f  the thesis  the z inc sulphate tu rb id ity  to s t was 
used to  Investiga te  the changes in the immune g lobu lin  content o f 
neonatal c a l f  sera over a threG»week period. The resu lts  obtained In
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th is  Investiga tion  are In agreement w ith  the find ings o f workers who 
have used other techniques. Tho h a lf l i f e  o f passively acquired 
Imiune g lobu lin  v/as calcu la ted m  21.S days and ac tive  production o f 
Imiwno g lobu lin  by agcmmglobulInaemlc calves was detectable between 
7 and 14 days o f age.
Investiga tions In to  the co rre la tio n  between serum hmwne 
g lobu lin  concentrations and neonatal m o rta lity  confirmed the find ings 
o f Fey ( 1962) .  Deaths a ris in g  from c a ll septicaemia occurred In calves 
W ild* shovmd evidence o f having l i t t l e  or no passive Inmunlty, and tho 
deaths a ris in g  from e ffe c ts  o f neonatal diarrhoea were found In calves 
w ith  I w  leve ls  o f c irc u la tin g  Inumme g lo b u lin . A two-year survey o f 
tho concentration o f Immune g lobu lin  In tha sera o f neonatal calves 
which passed through the loca l market revealed a very pronounced 
seasonal v a r ia tio n . The period during which the average Immune 
g lobu lin  leve ls  were lowest coincided w ith  the period when m o rta lity  
amongst calves was at I ts  h ighest.
In view o f tha Importance o f a high concentration o f 
c irc u la tin g  Immune globulin# an Investiga tion  was ca rried  out In to  
two other functions o f these g lobu lin  molecules. These were tho 
expansion o f plasma volume and the Increase In bu ffe ring  capacity . I t  
I/quid appear tha t during the f i r s t  three days o f l i fe #  an expansion 
o f the, plasma volume o f the c a lf  occurred. The osmotic pressure 
and plasma sodium concentration decreased In both colostrum and 
m ilk  fed calves as did th© haematocrlt. This evidence suggests that 
tho plasma volume expansion may be due predominantly to  the e ffe c t 
o f d ilu t io n  rather than an osmotic e ffe c t a ris in g  frm i the absorption
o f high molecular weight g lobu lin  nmIecuIes.
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No cUfferenc© was deteotW  betwaon the bu ffe ring  capacity o f 
col VOS w ith  high end low Imwne g lo b u lin  leve ls . The reason fo r  th is  
m y  ÎÎÜ  In the lack o f s e n s it iv ity  o f the technique used. From 
theoretic© I ca lcu la tions  the Increase which might he expected f$ 
re la t iv e ly  small» In addition» the electrocardiographic response o f 
anaesthetised calves to  a d d  Infusion m u\4  appear to  ba variable» a 
fa c t Wilch Is supported by the work o f Stewart (1965)»
A s im ila r ity  has been noted between the e lectrocard iograph ic 
changes observed In calves dying as a re su lt o f neonatal diarrhoea 
and those dying fro»ïï a d d  Infusion* In both those circumstances a 
reduction In concentration o f myocardial potassium has been shown 
(Fisher and Mc&mn» I9Ê7)* In consequence» I t  has been suggested 
tha t the e lectrocard iograph ic changes arc a re su lt o f In terference 
w ith  the depolarlsat Ion mechanism o f cardiac muscle.
In Part 4 observations were made on the Influence o f time o f 
feeding colostrum on the amount o f  Immune g lob u lin  absorbed by the 
c a lf  and an e s tImate was mde o f the e ffic ie n c y  o f the absorption 
mechanism* I t  was found tha t I f  feeding was delayed u n t i l  a fte r  
s! k hours had elapsed from b irth »  a s ig n ific a n t decrease In the 
average serum Immune globwlIn concentration might be expected* 
Estimations o f the e ffic ie n c y  o f the absorption riiechanlsm suggest 
tha t approximately 46% o f the Immune g lobu lin  presented to  the c a lf  
in testin©  Is absorbed.
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As a re su lt o f the find ings described In Part I» I t  would appear 
tha t when the zinc sulphate tu rb id ity  to s t Is performed under standard 
conditions on the sera o f neonatal calves» I t  gives an accurate 
estimates o f the Imriiune g lobu lin  content o f serum. This te s t there fore  
may bo o f considerable value In general ve te rinary p rac tice  because o f 
the co rre la tio n  Wilch e x is ts  between s u s c e p tib ility  to  disease and 
low leve ls o f c irc u la tin g  Immune g lob u lins . The outstanding 
©dvantages o f such a te s t are the speed w ith  which I t  can be 
performed# I ts  re la t iv e  s im p lic ity  In comparison w ith  other methods o f 
estim ating limmno g lobu lin  concentration and the low p rice  o f the 
reagents. Even I f  a co lorim eter Is  not available# v isua l estimations 
o f the tu rb id ity  are possible* A lte rna tive ly#  the rou tine measurement 
o f the serum Immne g lobu lin  concentrât Ion o f homebred calves amongst 
which deaths are occurring may Ind icate tha t the cnanagement o f the 
newborn c a lf  Is  a t fa u lt#  In tha t colostrum Is not being fed soon 
enough or In great enough q u a n titie s .
In view o f the resu lts  o f the survey o f the serum Immune 
g lobu lin  leve ls  several questions a rise . The reasons fo r  the 
va ria tio ns  In the average concentration are not d e f in ite ly  known 
although they probably a rise  as a d ire c t consequence o f the management 
o f neidaorn calves. A f ie ld  Invest!gat Ion Into the leve ls o f serum 
Immune g lob u lin  o f calves In re la tio n  to  tho typo o f management would 
undoubtedly bo worth Investiga tion . A point which has been 
demonstrated In the pub lica tions o f other v/orkers'^^Smlth (1962)#
Fenhale (1969)# Smith (I967)**and v4ilch is  ro'^emphaslsad In
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Part 2 Is tha t approximately 10% o f calves are markedly hypogamma-* 
g lobu lînam îc oven wiien the natura l re la tio nsh ip  between the cow and 
c a lf  Is not disturbed and natural suckling Is a11 (Med to  take place. 
T\mo p o s s ib il i t ie s  e x is t to  explain th is  s ta te . E ither th is  
percentage o f calves are born v jlth  a lack o f a b i l i t y  to  absorb 
s ig n ific a n t omoimts o f Immune g lobu lins , o r tha t they do not obtain 
colostrum from tho dam s u f f ic ie n t ly  early or In s u ff ic ie n t q u a n titie s . 
Descript km s o f the behavkmral re la tionsh ips o f cov/ and ca lf»  and 
espacla lly  o f suckling behaviour, are required I f  th is  la t te r  
p o o s tb lllty  Is to  bo Investigated.
Tho fa ilu re  to  demonstrate s ig n ific a n t d iffe rences between the 
plasma volume o r b u ffe rin g  a c t iv i ty  o f calves w ith  high and low levels 
o f c irc u la tin g  irmnuno g lob u lin  suggests tha t the tnain function o f 
these g lobu lins Is the Immunological one. The sp e c ific  nature and 
action o f these antibodies s t iH  await e luc ida tion . From the 
c o rre la tio n  between the serum hmune g lobu lin  concentration and the 
subsequent fa te  o f these calves* I t  can be seen tha t although many 
calves w ith  naglîc jîb îa leve ls o f Irmune g lobu lin  died, many did not. 
This might be explained In terms o f lack o f challenge by a pathogenic 
organism end since no measures were taken to  ensure an equal and 
s im ila r challongo to  a l l  the animals Included In th is  survey, th is  
c r it ic is m  must bo accepted, (W ovor, an Immunological cmiparlson o f 
the sera o f a l l  these hypagamtiiaglobulInaemtc calves may reveal the 
prosenee o f o p ro tec tive  fa c to r not yet recognised amongst the 
surv ivors.
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Fravîdod tha t maximum amounts o f colostrum are fed, tho amount 
o f Immune g lobu lin  which Is absorbed by a c a lf  Is dotormlned by the 
ra te  o f absorption end tho duration o f the absorptive a b i l i t y ,  and 
honco tho o ffla la n cy  o f  tho mochanism Is dependant on both o f those 
fa c to rs . I t  Jias boon shown by Balfour and ComUno (1962) tha t tho 
amount o f gamma g lobu lin  absorbed Is Influenced by tho composition o f 
tho wliey, and Hardy (I960) hao demonstrated d ifferences In the ra te  Oi 
absorption as w e ll as the volume and concentration o f tho thorac ic  
duet lyn^h as a re su lt o f presenting gamma g lobu lin  so lu tions o f 
d iffe re n t composition to  tho In tos tIno  o f tho newly born c a lf .  The 
p o s s ib il i ty ,  thom fore# ex is ts  that tho e ffic ie n cy  o f the mechanism 
may bo Influenced by the chemical cotmposltlon o f tho colostrum. 
Varia tions In the composition o f m ilk  due to  breed and d ie t are well 
recognised and hence the absorption e ffic ie n cy  ca lcu la ted In Part 4 
may foe c h a ra c te ris tic  only o f Ayrshire c a t t le  on w in ter feeding.
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APPENDIX
SteJjflMt.Qg-gAme w.. % em m m ture m  zim
A * 'romporati^iro 6^0
'I'ima (mlnjS)
m. m & jiSS.
1 18.0 21.5 22.0 23.0a aa.o 24.% 24.5 24.5
3 5.75 6.5 7.0 7.75h 14.0 16.% 17.0 17.5
5 5 .® 4.75 5 .% 5.75
6 15.5 16.23 17.25 17.75
1 la .o 15.75 17.0 17.75
8 17.0 19.75 19.5 aa.o
9 4.75 7.0 7.75 8.0
10 18.% 19.5 20.75 21.75
Mean. la.B 15.1 15.8 16*6
*  SE i  2.01 *  2.14 ± 2.12 t  a .19
Time {rains)
m & &
I 20.75 2 3 .0 24.% 2 7 .0a 2 3 .% % .75 2 7 .0 23.753 6.75 8 .2 3 9 .% 11 .75
4 14.5 17.5 1 9 .0 20 .75
5 4 .5 5.75 5.75 7 .%
6 1 7 .% 2 1 .0 aa.% 24.75
7 13.73 1 6 .5 17 .5 %.75
8 1 8 .5 22.% 24 .75 2 7 .5
9 9.0 11.75 13 .0 1 5 .5
10 1 8 .5 aa.% 2 3 .5 27.0
Mean 14.7 1 7 .4 1 8 .6 81.2
± BE ± 1 .9 8 t  2.14 i  2.26 4 a.3 7
ïloaotioïim.*.vrftnrp*r*vtr¥t trme^n^
C alf Ho* m & & m
1 2 2 .5 2 6 .% 32.5 % .%
a 24.75 2 8 .% 30.% 3 2 .0
^ ■ 7.75 12.75 15.75 18.75
4 19.75 22.75 24.75 27 .25
5 5.0 8 .0 9.5 11.75
6 18.% 25.75 2 9 .0 31.75
T 17.75 %.75 % .% 28 .25
8 25.% 28.0 30.% 32 .7 5
9 9.% 17.5 20,75 23 .75
10 22.5 27.73 31.5 34.75
Mean 16.8 22.0 24,96 2 7 .6
t  SE *  2.22 ± a.o8 t  2.38 t  2 .5
C alf Mo. m §a m
1 ÿ t.5 40.0 44 .% 45 .0
2 3 4 .% 37 .75 42.0 43 .0
3 2 9 .5 32,75 36 .25 38 .75
4 22.75 32.25 38.0 40.5
5 2 0 .0 22.75 26.5 £9.0
6 36.75 39 .0 41.79 43 .5
7 31.5 ÿ i.% 37 .75 4l.O
8 36 .75 38.75 41.5 44.%
9 26.75 30 .29 3 4 .5 3 7 .5
10 36 .0 38.75 41.75 44.0
Mean 3 0 .3 3 4 .6 3 8 .4 40.6
t  SE ± 1 .91 *  1.70 *  1 .6 3 ± 1.51
The Ef f get of,
C alf % , m
nssjisisâ)
2a 60 120
I % .s 47.5 47.75 50.75
a 43.79 43.75 44.% 47.25
3 37.75 40.0 41,0 44.75
4 40.75 43.% %.25 47.9
5 3a.% 34.0 36.0 39.0
6 41.5 43.5 43.75 46,5
T 4S.% 42.5 43.5 46.%
8 44.0 44.75 46.0 48.5
9 42.5 42.5 44.5 47.5
10 49.75 46.5 W .o 49.%
Mean 41.6 42.8 44.0 46,7
± BE ± 1.27 t 1.18 ± 1.10 1 1.02
C alfH o* ,Sul|)h,atQ
Sqluifion
(m J h J )
t  RolWioW Buf fe r
Sfl#o BuWittte 
Solution
(p JL Z é)
1 1.2 3.25 0.5
a 3,22 1.75 1.0
3 5.25 0.5 1.0
4 5.25 2.5 1,25
S 9.0 3.5 1*0
6 11.0 5.0 0 . 5
? 14.5 5 .% X*T3
8 14.5 5.0 1*V3
9 16.% s .% 0*15
10 17.0 9.5 1*0
11 19.5 12.0 1*75
la 24.0 9.73 1#S5
13 % .5 9.0 1*5
14 28.5 12.0 1*5
15 30.% 12.0 2*0
16 30.5 11.% 1*0
17 3B.0 10.75 1*5
18 33.0 13.3 2*5
19 34.75 11.73 1*5
20 37.5 15.5 1*0
The of Ionic Sulpjh&tq TwbWltÿ' Reaqtlqn
s a i ts a *  Sîâfiâasà M  a a  M  }& &  â i î i
m m m  ( iâ â ) *  i m  (è) (à ) ( m )
I  16.75 0,0 1 .%  3 .%  4.75 6.5
8 20.23 0.5 3.5 4.0 5.0 5.75
3 22.75 1.0 8.25 2,25 4.5 8.0
4 25 .25  0 .0  0 .0  2 .0  4.0 7 .%
5 33.25 0,25 1 .%  2.0 4.5 8.75
6 37.0 0.5 0.5 1.0 4.3 8.5
7 41,0 1.0 2.0 2.75 6.0 9.0
8 43.5 1.0 1.5 1.0 5.3 7.0
9 45.75 0 .%  1.5 S.75 6.25 9.75
10 47.%  1,25 2.0 3.0 5.5 11.85
Mean 0,5 1.5 2,4 5 .0  8 .1
*  SB *  0.12 i  0.30 t. 0.30 È 0.83 ± 0,51
* Saline dilution
Piaures In the table refer to the depression produoed from tho 
original turbidity In terms of nine sulphate turbidity units.
GaXfJo. 0 & a 100 ^ 9 .
1 46.75 45.% 40.5 33.73 39.5 20.%
a 47.% 48,% 45.75 %.75 32.85 21.5
46.35 46.% % .% 38.75 30.75 22.5
4 ■ÿi.75 ÿi.73 31,23 27.0 20.83 12.0
5 46.5 45.% 44.5 39.5 30.75 % .o
Mean 44.3 44.0 41.5 36.0 28.7 20.%
t  BE t  3.39 i  3. 3S t  8.71 ± 2.53 *  a .15 t  2.20
„pjl)
SsàÉ-Sa* 9 . & & âs2 m m 2 9 4o
1 46.5 4 4 ,5 46 #5 46.5 43.75 4 5 .5 44 .5
2 4 7 .0 4 3 .0 46 #0 46.5 4 7 .5 48.5 46.0
3 4 5 .5 47.0 46*0 46.0 4 7 ,0 46*0 4 5 .5
4 3 4 .% 32.75 33*^ 3 35.% 33 .73 33*13 3 2 .5
5 45 ,% 43.25 44 44.75 44 .% 46*23 44.25
Mecai 4 3 .7 42.9 4-3*2 4 5 .8 4 3 .4 44*0 42.5
1 SE * 8 .3 8 i  2.37 é 2 .31 4 2.16 1 2 .4 9 ± 3*6X t  2 .5 3
The E ffe c t o f Adding Boy toe 0Xobuli]a Hy^pp^mma l^obullnaemlo
C alf Seruïiï
OlojbuXlii Acldcd ( ^er  ml  )
0 9,.^5 & & izS. a.o 2*2. 4.0
1 1,0 3.0 6.25 13.0 26.% 36.75 46.%
a 0*5 3.23 6*75 14.25 28.5 ÿK75 44.75
3 1*0 a.73 6*5 13.25 26,75 37,% 4 4 .5
4 0*5 4.5 7.5 16.0 27.5 38.5 47 .0
1.0 4.0 6*25 14.5 27.25 36 .% 46.0
Mean 0.8 3.5 6.7 14.2 2 7 .% 3 6 .7 4 5 .7
± m ±0.11 ±0.32 ±0*23 ± 0.53 ■i 0 ,5 7 A 0,61 ± 0.4o
s s i m - 0 2Ü& 2&& â îâ âîS.
6 i . a j 3.0 9 .% 9,0 16.% 32.75 40.75 %.%
7 1.25 2.5 4»% 8.75 16.0 30.0 38.75 48.0
8 0 .% 1.5 3.0 7.0 14,75 30.% 39.25 48.75
9 0.5 1.% 3,5 7,75 14,75 30,25 38.75 43.75
10 1,% 3,0 3.0 7.5 15,75 29.75 ^*0.% 50.75
Mean 0.9 a.% 3.8 8.0 13.5 30.6 ^ .5 48.9± BE A0.21 ±0,37 ±0.48 ±0.37 ± 0.31 ± 0.56 * o.to i  0.48
TFIE CORRE.UTION BETWEEN THE ZINC SULPHATE TURBIDITY AND
THE TOTAL SERUM PROTEIN OF NEONATAL CALVES
Calf ZiiBOu 
No. Turbidity
Total Serum 
Protein 
(g per 100 ml)
Calf ZnSO^
No, Turbidity
Total Serum 
Protein 
(g per 100 ml)
1 0,7 4.4 26 27.7 7.6
2 2.4 4.4 27 28.5 6 . ^
3 3.5 4.7 28 28.7 6.25
4 5 .7 4.5 29 29.8 6.4
5 6.3 4.6 30 29.8 6.6
6 7.5 4.9 31 30.8 6.75
1 7.9 4.4 32 32.1 7.4
8 8.9 4.5 33 32.5 6.5
9 9.3 5 .3 34 34.5 7.7
10 9.4 4.9 35 35.25 7.7
11 10.3 4.75 36 35.5 7.7
la 10.8 5.25 37 36.0 8.3
13 11.1 5.25 38 36.6 7.1
14 11.9 5.9 39 37.25 7.9
15 12.1 5.4 4o 39.29 8.0
16 12.3 5.0 4 l 40.5 7.8
17 12.8 4.7 42 41.25 8.8
18 14.7 5.0 43 41.5 8.9
19 16*6 5.4 44 41.75 8.8
20 . 17.5 5.0 45 42.5 9.0
21 24.1 5.9 46 44.1 8.0
22 25.0 6.0 47 44.5 8.7
23 25.2 6.9 48 47.5 9.4
24 27.1 6.3 49 48.5 9.0
25 27.2 6.1 50 49.5 9.6
THE CORKBIATIOH BETWEEN THE ZnSOj, TURBIDITY AND
THE TOTAL 3ERUM GLOBULIN OP NEONATAL CALVES
Calf ZnSOh Globulin
No. Turbidity (g per 100 ml)
Calf ZnSOj, Globulin
No. Turbidity (g per 100 ml)
1 0.7 2.0 26 23.1 2.52
2 2,4 2.18 27 23.3 5.34
3 2,8 1.88 28 23.5 3.01
4 3.4 2.2 29 24.1 3.30
5 3.5 2.08 30 25.0 3.77
6 5.7 2.4o 31 25.2 4.58
T 6.3 2.28 32 27.1 3.56
8 7.5 2.76 33 27.2 3.24
9 7.9 2.70 3^ f 27.7 5.00
10 8.9 2.25 28.0 4.13
11 9.3 3.73 36 28.5 4.09
12 9.4 2.57 37 28.7 4.27
13 10.3 2.64 38 29.8 4.43
14 10.8 3.03 39 29.8 4.54
15 11*1 2.41 4o 30.8 4.70
16 11.9 3.71 41 32.1 5.09
17 12.1 2.95 42 32.5 5.05
18 12.3 3.09 43 33.2 5.50
19 12.8 2.00 44 34.2 5.16
20 14.7 2.77 45 36.6 4.57
21 15.6 3.88 46 39.6 6.76
22 16.6 3.05 47 41.8 4.91
23 17.5 3.08 48 42.5 6.53
24 17.7 2.42 49 44.1 5.91
25 18,5 2.64 50 49.5 7.03
THE CORRELATION BETWEEN THE ZINC SULPHATE TURBIDITY TEST AND
THE SERUM IMMUNE GLOBULIN CONCENTRATION OP NEONATAL CALVES
,f No. %n80% IgG I # IgG + Ig
1 10.5 7 .1 0 .8 3 7 .9 3
2 15.25 12.6 1*85 14.45
3 7.5 4*5 0 .5 3 5 .0 3
4 9.5 9 .8 1,4 11.2
5 1.5 0 .9 0.12 1.02
6 7.0 5 .7 0*25 5 .95
7 9.25 7*1 1 .2 5 8 .35
8 4.5 4 .7 0 .2 5 4 .95
9 9.75 6 .3 0.41 6 .71
10 4.5 1*9 0 ,3 6 2.26
11 5.25 0.4 0.18 0 .58
12 13 .5 6,8 0*23 7*03
13 3 .5 2.6 0 .1 3 2 .7 3
14 7 .0 6 .3 0 .4 9 6 .79
15 4.0 2.2 0.24 2.44
16 11 .0 8 .5 0*29 8 .79
17 0 .5 0 0 0
18 1 .75 0 0 0
19 17 .0 8 .5 0.24 8 .7 4
20 3 .0 0 .7 0.20 0 .9
21 17.5 1 1 .9 0 .7 6 12.66
22 7 .5 5 .6 0 .8 0 6.4
23 1.0 0.2 1 .08 1.28
24 36 .0 3 4 .0 6 .7 40.7
25 27.75 2 5 .0 1.6 26.6
26 35 .5 30 .0 2 .65 32.65
27 20.75 17 .0 0 .4 9 17.49
28 37.25 26.5 1 .95 28.45
29 24.5 19*0 2 .05 21,05
30 27 .5 34 .0 3 .15 37.15
31 23.75 26,8 1 .0 8 27.88
32 41.5 47 .0 2,8 49 .8
33 23 .5 23 .0 1.66 24,66
34 31.75 26 .5 1 .7 2 28.22
27.25 20 .5 3 .7 24.2
36 2 9 .0 28.0 2 ,3 3 0 .3
37 3 4 .0 39*0 3 .15 42.15
38 25.5 26*5 1.66 28.16
39 3^K5 34 .0 3 .15 37.15
4o 35.25 3 2 .0 4.2 36.2
THE CQRREIATIOM BETWEEN THE ZINC SHCJPHA.TE TURBIDITY TEST AND THE 
SERUM IMMUNE GICBUUN CONCENTRATION OF NEONATAL CALVES (oont'd)
C alf No. ZnSOj^ IgG IgM IgG + I(
4 l 39 .5 3 4 .0 2 .85 36.85
42 28.5 2 5 .0 1 .2 3 2 6 .2 3
43 39.25 42.0 4 .05 46.05
44 29 .25 2 3 .3 2 .45 25.75
45 36 .0 3 4 .0 5 .4 3 9 .4
46 29 .75 25..1 5 .6 3 0 .7
47 31.0 1 9 .1 0 .5 8 19 .68
48 45 .5 40,0 4 .9 4 4 .9
49 24.0 2 1 .5 1 .95 23.^15
50 3 2 .% 3 1 .5 2 .3 3 3 .8
51 36.75 S .o 3 .9 3 8 .9
52 24 .75 18.0 2.1 20.1
53 3 1 .0 20.0 6.0 26.0
APPENDIX I I
CIÎAÎWES ÏN Zliæ SUmtoTE TlUBIMT'YOVÏi'R A PERIOD 0]? 81 DAYS
CXêisb I I n i t i a l  tm b ld lty 0-3
Day
0 _ 7 _ _ , .___ Vi 21K-IC«WJ HM i >*» fc tm* t<<W*
X 0 0.73 4.9 7.0
a 1.73 4.0 6.9 9.5
5 4.33 7.73 6.73 8.5
Miea-U t  BË
Moavi ± SE
2.0 a l.a 3.2 ± 1.2 5.9 i  0.7_ 8.3 ± 0j7
M L
7,5
IX .0 
9.0
± x*o
Class II Initial tufbidity 3-15
Day
SêM - I s.. 7...... 14
4' 10.0 8.0 7.0
5 10.0 8.73 1 0 .©
6 11.25 8.75 8.75
C1W0 III
Golf No.
10.4 *  0.4 8.3 * 0 .25 8.7 Æ 0^9
In it ia l ’burbM ity X5*"33
Day
X40
7
8 
9
18.B  
18.75 
19.3
ai* j##, m..'..* «lit.##**»
17.75
18.%
13.B  
16.75 
13.0
IX .3 
13.0 
14.0
ïfean ‘X SE
Olam IV
O alf Ho»
10 
I I  
la
Initial tnrfelâity
-â.
33,83
30.23
^ . 0
7iflvàWfWWowrt,
20.75 
24.9
27.75
Day
14
10.75
19 .©
ai
18.0
16.5
20.0
Mean i  SE % .g ± 2.8 2 4 2 . 0  19.1 t 3.6 16.2 4
Claes V Initial turbidity 33"'43
Day
Cali' No . 0 _________ 7 14 __ _ 21 _
13 40.5 37*0 29*3 a .7 3
14 4 l.% B9,73 2 6 /5 18.3
13 41.5 32.73 26.0 19*3
41.0 * 0.3  35.2 6 2 .1 27.4 ± 1.0 19.9 ±Mean. ± SE ...... ,.. _    ^ .
Tim llGtATIONSMIP BEÏWEF.N SERUM IMMUNE GLOBULIN 
CONCENTRATION AMO NEONATAL MORTALITY
linmuna Globulin 
(ZST Units)
Mo. of Calves Septicaemias
{%)
Deaths from 
other causes 
(%)
0 •  10 m 30.7 29.1
10 -  20 01 2.4 18.5
20 -  30 61 * 6.5
3 0 - 4 0 54 3.7
40 -  50 tB t*
SO -  60 0 m
60 » 70 1 m #
Serum Immune O lob u lin  0 one e n trâ t ione o f MarJiot Calves
Calf SfflpEEÆ£6M^
Unite)
1 6.5 5
2 7.5 6
3 7.75 7
4 8.75 8
Nurrtber of calves «» 1 2
Immune 0lobid.in
(ZST Units) (ZST Units)
1 8 . 0 9 37.0
27.5 10 3 9 . 2 5
28.0 il 4 7 . 0
^ , 7 5 le 48,73
Average Zinc Sulphate Turbidity =» %,8 
Relative Distribution
<10 <20
8 .M
<50
16.70
<40 <50
16.70
< 6 0 <70
6 ^ Iami,me Globulin iKWnune globulin Calf Xiïîiïîwie Globulin
Ha* (fST Unite) m * m * ™”' ( IsF S iK S y '"" ’
I 3.5 8 34*3 13 48
2 8.0 9 38,0 16 49
3 15.5 10 38.3 17 53
4‘ iS.o 11 41,3 18 57.3
5 27.0 12 43,3 .19 58
6 31.0 13 20 64
7 32,9 14 47
Nunber of calves » 2 0
Average Zinc Sulphate Turbidity 56*T 
Relative Distribution
<10
100
<ao
io?i
<30
5ÎÎ
<to
© 0
<50 < 6 0 <70
%
C alf
No.
1
a
Immme Globulin Calf
(ZST Units) go.
4.5 3
3 2 . 0  4
(ZST UnitsT^
41
44
Huiîibex' of calves 6
Average Zinc Sulphate Turbidity 38
Relative Distribution
<20
0
<%
0
<40.
X&M
<50, 
50.0JÏ x l.
go,
3
6
<70
Imimme Globulin 
"(ZST Units)
48.5
58.5
Serum Iinmme Globulin Conaentratione of NoojmtaX Market Calves -----------------   ..-...----   -~.~.,.._K.._....i.----------  ....----------------------------  . . . --------- .3-_  ......................... ..................................... ...........................................
Ocitobor/»
C alf«ïi«spü*^hw?*tf^ Immune G lobulin S â£ ImmwïG.G^pbiglln C alf Imnwno Slol
Bà* (ZST U n it) Ha* (ZST U n lt) "^ ÎÜ2." (ZST Uni1
1 0 15 20#0 29 3 4 ,5
2 0.3 16 21.5 30 35.0
3 1.5 17 22.0 31 3 5 .3
4 3*75 18 24.0 32 36,5
5 5*0 24.75 33 3 7 .0
6 7*0 20 25.5 jlij. 38.75
T 8*75 21 26.0 35 38 .TO
8 10 22 27,0 36 41
9 10*5 25 37.73 37 44
10 11.0 24 29.0 38 48
11 11.5 25 30.0 39 4 9 .5
12 13*5 26 30.5 4o 6 0 .0
13 15*0 27 33,25
14 16.5 28 33,0
1 0 15 9*0 29 29,9
a 0 16 9,5 30 3 0 .5
3 0*5 17 1 0 .5 31 ^ . 5
4 0.75 18 11,5 38 33.0
5 1 .0 19 1 2 .0 33 33
6 2.5 20 13,0 34 3 5 .5
T 3,0 21 13*5 35 3 6 .0
8 4.0 22 14*75 36 37.0
9 5,0 23 16 .0 37 37 .7 5
10 5,75 24 17.75 38 41.5
11 6.75 B& 20.5 39 49IB 7,0 26 23,5 4o 4 7 .913 8 .0 27 35*0
14 8.75 28 26.0
X 0.5 7 9,0 13 21 .7 5
a 0.75 B 9*5 14 24,5
3 2,5 9 1 0 .0 IS 25 .75
4 4.5 10 12 .% 16 28.9
3 6 .0 11 14.0 17 3 1 .0
6 7*5 12 19*5
Nivnber o f oalvos ^ 97
Average Zinc Sulphate T u rb id ity R* 19*8
R elative D is trib u tio n
<10 <20 <30 <% <50 <60 <70
19*50 19*50 210 7,00 00 1^
  M a rk e t C a lw s
C alf
m .
X
a
4
5
Immme  ^û lo b iilin
0*^
0 .9
0*9
e . i
2.T
4*1
s a i s a c
& * (%# U nits) m * (ZST u n its x
8 3.9 15 le . i
9 7.8 16 18*8
10 0*4 17 13*0
11 9*8 18 1 3 ,8
10 9*8 19 18*6
13 9 .9 80 24*3
14 11*1
Number o f Oalvoa # BO
Avem$e %lm Sulphate T u rh M lty  ^  
R e la tive  D is tr ib u tio n
<10 <B0 <30
50
<40 <50 <6o <70
No Smnplos
Im i^ e  Olqbul^ Sam ImRun  ^ riiQbulin Inmmo 01obul%
(m e u m ts T ( S (ZST Units)
1 0*1 8 2*9 15 8*3
2 0.2 9 3,1 16 9.0
3 0*6 10 3 ,3 17 9.0
4 0.6 11 3,7 18 9 ,3
5 1 ,5 12 4*7 19 15*0
6 1*9 13 5 .7 Bo 17#3
7 2*1 l4 6*6
Ln
(continued)
C alf lîümuno G lobulin c a lf Iimiune G lobulin
(Z8T U nits) îfe* (ZST U nits) ™ (zS  U nits)
1 0 ,3 a 2,6 13 8,6
a 0*6 9 4*0 16 9*3
3 0 .9 10 3*0 17 9*7
4 1*3 11 3*8 18 12,9
5 1 .7 la 7*6 19 1 7*3
6 1,8 13 7*9 20 18*2
T 2 ,3 14 8,1
Nuttiber of Calves » 4o
Average Zino Sulphate T u rb id ity  «* 5 .8  
R elative D la trib u tio n
<10
87.50
<20
12.f
<30 <40 <50 <60 <70
» w Wi »%
2 #  Febmary
Immm G lobulin Immune G lobulin Imnune Gj
m * '■ "TzàFüSTsT"" (ZST U nits) (Z6T m
1 0.0 8 2.1 13 3*3
2 0,0 S) 2 .9 16 • 3 .3
3 0*1 10 3*4 17 3*3
4 0*9 11 3*8 18 7*0
3 1*0 12 4 ,3 19 16*36 1.2 13 4*6 20 17*1
7 1.2 14 4*6
Number o f Ca3,vas ** 20
Average Zinc Bulphate T u rb id ity  
R elative D is trib u tio n
<10
)0
<20
100
<30 <4o <50 <60 <70
S a ru m  I m m e  G lo b u lin  C o n f ig u r a t io n s  o f  N e o n a ta l M a rk e t C a lv e s
1963
C alf iKgmne G lobulin
go. *^72st U nits)
1 0.0
2 0.0
3 0,8
4 0 ,9
5 1*5
6 1.6
7 1 ,7
Nmiber o f Calves K* 20
%ri March
Average Zlno Sulphate T u i'b ld lty  *^6,2 
R elative D is trib u tio n
<10
B 0
<20
200
<30
50
<W
sag iM'oune. CrlQbu-lin
i2* (ZsFlfnits) "'go. (ZST Units)
8 2,2 1 5 9*7
9 4.0 16 11.0
10 4.1 1 7 1 1 ,3
11 6,0 18 12.6
12 6.4 1 9 14.6
1 3 ■ 6*5 20 21.2
14 9*3
<16 <70
C alf InimmiQ G lobulin OaV" Xmnmno G lobulin C alf Imrmmo G lobulin
(Z8T Units) "'''"l?sFuStsr" "  (ZST Units)
1 0.0 8 3*8 15 10.4
a 0.4 9 4.1 16 12.1
3 1 . 0 1 0 4.4 1 7 1 3 .3
4 1.1 11 4*4 18 15.4
5 1*8 12 6.2 19 17.1
6 2.6 1 3 10.1 20 17.9
7 3*6 14 10.2
1 0.0 8 5*5 1 5 14.5
2 0 . 5 9 7*0 1 6 16.0
3 1*5 10 8*5 17 26.0
4 2*0 11 1 0 .5 IB 27.0
5 3*0 12 1 1 .5 19 32.0
6 3*5 13 13.5 20 33.0
7 5*5 14 14.0
8 o r  am Im m une g lo b u li^ _  Con o g n tm t  l<>na o f  N eoxm t a l ..
(coBtinued)
SêSLâfiîâà
Xmmm G lobulin 
(ZST U nite) m»
Xiniiitme olxibulia  
(Z8T U nits) SâM.Me*
Imraume G lobulin
1 0.0 8 2,9 15 10.0
2 0.0 9 3.0 16 10.3
3 0.8 10 3.9 17 11,14 0.4 u 4,6 18 17.8
5 0,9 12 5.6 19 B3*B
6 2.0 13 7.3
7 2,6 14 7S
Number o f  Ca3.v0S 59
Average Zixio Sulphate Tm-»bMity ^ 8 , 3
R elative D is trib u tio n
<10
010
<20
^ ,5 0
<30 <4o
3.50
<6o <70
£^é.
BE* (ZBT Unite)
SMM,-,
Mb * (liTuSta)
S^£>
ME*
Xmroime G lobulin 
(ZST Unite)
1 0 .3 13 4.6 a5 12,3
2 0.4 14 4*9 26 14.4
3 0.6 15 5,1 27 14.8
4 0.9 16 5,1 28 15,3
3 1.6 17 5,0 29 15.6
6 1.0 16 6,1 30 £0.9
7 1.7 19 6,1 31 © .4
8 1,8 20 0*6 32 32.5
9 1.9 21 7,4 33 31I-.3
10 2,1 gg) 8.2 34 34.8
11 2.2 23 6.9
18 4.0 24 11,5
Sm»n_ Q a lv e s
(continued)
iB th  May! p»)ij #*
SEÎ& Immm a ioW lin t Se4£
m * """'(ZST U nits) m * (28?lS3tS)' BE*
X 0 16 13*5 31 87*0
a OB 17 14*8 30B
3 0*T 16*0 33 31*0
4 0*8 19 16*2 31*5
5 IB 80 16.4 38*4
6 3*8 21 17*0 36 j)4*8
X 3,7 22 17*4 37 35*58 9*0 23 18*5 38
9 5.75 84 18*7 39 4o*o
xo 8B S9 19*4 40 42.0
XI 8B 26 19*8 41 44*0
12 9.0 27 80 B 42 48*0
13 9B 28 81*6 43 58*0
14 9*7 29 84.8
15 11*8 30 86*4
1 0*3 IS 7.0 89 24.3
2 0*3 16 7.3 30 24.5
3 0 .7 17 8.4 31 25.0
4 0*9 18 9.4 32 25.0
3 1*5 19 18.4 33 25.8
6 1.6 80 13.8 3>i 85.2
7 1,6 21 IS .7 33 87.7
8 2*9 S3 17.0 36 89.2
9 3*6 S3 18.0 37 30.5
10 4*8 20.0 38 31.0
11 5*0 S5 20 .a 33.7
12 g.o 86 S l.s #0 34.9
13 6*0 87 88.3
14 6*9 28 28.8
Number o f oalvas «= 117
Avorage Zlne Sulphate T u rb id ity H 13
H ela tlv 0 D isbrlbu tlon
<10 «SO <30 <40 <50 <6o
470 l%g 3.50 0 .^
O lo b u lin  C o m e a tro 't lo î 'iB  o f ^■ la rk o t C aXvüS
O alt ?gXf iMmmo G lobu lin
(ZST U nits) ss.* (Z0T u n i
1 1.0 15 9.5
a 3.0 16 13.0
3 4.0 17 13.5
4 4,0 18 16.5
5 4.5 19 17.5
6 4.5 80 20.3
7 5.0 81 24.0
8 5 .0 sa 85.0
9 6.0 83 87.0
10 6.5 84 28.0
11 7.0 © 28.5
12 7.0 86 29.0
13 8.0 87 29.9
14 9.0 28 32.5
29
30
31
32
33
3S>
36
37
38
39
40
Imnîimo G lobulin 
(Z$T U n ite )
34*0
35B
36,0
3 6 .0  
37*0 
39*0
4oB
42*0
43 .0
49.0
5 1 .0
51.0
1
2
3
4
5
6
I
9
10
I I
a.o
4 .5
5 .0
3 .0  
s.s
7.0
9 .5
1 7 .0
18.0 
81.3  
82.0
12
13
14
15
16
17
18
19
20 
21
83 .5
24.0
84.5
© .5
87.0
2 9 .0
3 1 .0
3 3 .0
53.5
3 4 .0
56.0
23
24
25
87
28
29
30
31
37 .5
40.0
41.0
41.5
42.5
44.0
44 .5
45.0
50.0 
5 2 .0
Hwnte' o f Calves » 72
Avopago Zlns Sulphate T u rb id ity  » 24.4
Kolativo Distribution
<10
37.50
<20
10.00
<30
20.00
<40
17.50
<50
10.00
<60
5.00
<70
No
1
2
4
I
I
9
.10
ïfflEE &S isÈyâM  
;ziSD f S t s f
2 .8  
6.3 
r.5  
8.9  
10.3 
10.8 
11.1 
18.1 
12.8 
14.9
W*W*WSb.
11
18
13
14
15
16
17
18
19
20
obulln
ZST un its
16.6
17 .5
1 7 .7
18 .5  
83.1
83.5 
85.0 
87.2
88 .5
2 8 .7
C & lf
21
88
83
84
©
26
27
83
89
30
(ZST W ifl^
23.8 
89 .3
3 0 .8  
32.1
32.5
3 6 .6
41.8 
44,1
44.8 
54.0
Mwrnber o f Calves « 30 
Average Ztoo Sulphate T u rb id ity  
R elative D is trib u tio n
<10
13,30
<ao
M . %
<30
26.70
<40
13.30
= 35.4
<So
100
<60
3.3s
%0.8  
a .3.
5.9
6.9
8,8
11.3
14.2
14
83.4
23.5 
26.0 
27.2
27 .5
a i
sa
■3
3*1.1
34 .8
36.0
3 9 .3
4o.o
4 3 .3
48*9
3
4
6
7
8
9
10
13
14
15
16
0 .7
0 .9
1 .0
1.2
1.9
2.4
8 .7
3 .4
3 .5
3.9
3 .9
4.6
5 .3
5 .7
7 .9
7 .9
23
24
©OÆ
30
31
9-3
9.4  
11 .9  
12.3 
19 ;6
16.3
17.7 
20.6
81.8
2 3 ,3
84.1
84.7
© .a
35
36
41
42
43
27 .1
88.0
2 9 .8
30 .1
34.8
3*^.4
39.6
40.7 
41.0
41.8
42.5
49 .8
5 0 .9
of Calves w 78 
Average Zlne Salphato T u rb id ity  « 80.6 
R elative D is trib u tio n
<10
34 ,70
sw <4o
,10 36.40 19.90
:0 <60
.10 1,40
ïM L S s ï& E :
c a lf Immune O lobixlin C alf 2 t e E ia s M t e
(ZST u S ts )
C a lf ImMuo GIobu3-l)a
& * (%8T U nits) as* (ZST U nits)
I 1*0 S 16.5 ;t5 36.5
a 3 B
4,0
9 17.5 16 3 8 .0
3
4
10 20.5 17 39.5
6*0 11 S I.5 18 42.0
3
6
T
8,0 la 88.5 19 47.5
9*0
15.0
13
14
30.0
SÔ-0
Ê M J M S ^
80 51.5
I 0,0 15 8.5 29 31.5
a OB 16 9.5 30 34.0
3 IB 17 13.0 31 35.04 3,0 18 13.5 32 36,5
5 3B .19 39.5 33 37.56 4.5 ao IS.O 34 38.5
T 4B 21 19.0 40.0
8 4B ea 19.5 36 40.0
9 5*0 % as .5 37 48.0
,10 5,0 24 23.3 38 42.0
I I 5 B 25 89.0 3© 48.5
IB
13
ih
5 B
7,0
7 B
o f Calves # 60
86
87
28
29.5
30.0
3 0 .0
4o 44.0
Average Zina Sulphate T w b ld lty  » 21.2 
R elative D is trib u tio n
<10 <20 <30 <40 <80 <60
36.70 190 11.60 21.70 13.30 1.70
November
I
&
4
5
6 
T 
8 
9
10
0,0
1*3
E B
4.0
4.0
4 B
€ B
7*0
8.0  
9 ,0
Slobullti  s m iBBiuno aiol
n 9.0 81 16.73
12 10,0 22 18.0
13 11,5 25 20.5
l4 12.0 24 20.75
1§ IS .75 © 21,0
16 14.5 20 28,73
IT 13.© 27 26.0
18 16.© 28 30.0
I f 16.3 89 5 0 .©
20 16.3
1 1.0 8 7.5 15 19.0
2 3.0 9 8.3 16 29.0
3 3.3
4.0
10 9.0 17 30.0
4 11 11.5 18 33.3
3 4,3 18 IS .3 19 ÿt.o
6 4.3 13 16.0 20 to ,5
7 3.0 14 18.0
1 0 .© XI 3 .® 21 13.0
a 0 ,® IS 3 .® 22 13.S
3 0.5 13 4 .® 23 14,0
4 1.0 14 4 .® 24 IS .®
3 1.0 13 4 ,® 25 16.0
6 1.5 16 6.5 26 18,8
7 1.3 17 8.3 27 20.8
8 8 .8 9.73 28 27.0
9 8 ,3 19 12.0
10 2.5 80 12.3
Nbmber o f 0 elves TT
Average BuXplmte 1‘u rb M ity  *» IB .l
R e la tive  M s tr ib n tio n  (#)
<10 <m  <20 <4o <30
49 , 3^  10,4^ 5 .8^
<60
1,3$
Immne aX gb#in 
8,Hâ« (zgT u n its) I® . (Zffl un:
1 0 .0 14 4,0
a 0.0 m 4.5
3 0,0 16 4.5if 0 .0 17 4.5
5 0.9 18 9.0
& 0.5 19 5.5
7 1.0 SO 6,0
8 1,0 81 6.5
9 1.5 8.0
10 1.5 03 8.5
11 2.5 24 9.0
12 3.0 9.0
13 3.0 26 11.0
Nm W r 0 f Calves «* 139 
Average %lm 8W.phate *IîM rbldlty 
R e la tive  D ia tr lW tlm  (^ )
9#0
R e la tive  D is tr ib u tio n  ($)
1%  *3 ,  i <90 <60
Oalf ______
|îo , (ZST U nits)
2? 11.5
s8 la .s
29 15.0
30 15.0
31 15.5
32 17.0
33 17.5
34 18.5
m  S0.O
36 00,5
37 05.0
36 07.0
J9 37,0
fisâÊ iteiœ-SsMS1 s m s m .
M f (ZOTUtiltS) m» (ZST U nits) #.
i 0.0 IS a.® 29
a 0.0 16 3.0 50
0.® 17 3.0 314 0.® 18 3.0 32
0.® 19 3.75 33
6 0.9 20 3.73T 0,7 21 4.0 35a 1.73 28 4 ,5 369 1 .7 5 83 3.5 37
10 8*0 24 6,0 38
11 8,5 83 6 ,® 39
12 0,5 26 6.3 40
I:) 2.5 87 6.73
14 2.3 28 6 ,®
Number of Calves »* 4o
Average Zina Sulphate T u rb id ity » 6 ,3
aiobuiin
6.75
9 .®
9.5
1 0 .®
11.0
11.79
12.0
12,5
14,'fô
19.0  
0 0 .®
30.0
s eT O il Im m une G lo b u lin  C onoen t r a t lo n s .  o f  N e o n a ta l M a rk e t O a lv o »
1st j?ebi.
C alf Immune g lobu lin  CaJ.f Immune O lobulin 2mi& Inmune G lobulin
”1 e* (ZST U nits) No. (Z S fu n lts ) (ZST U nits)
X 0.2^ 4 2.0 7 3*75
2 1*% 5 2*5 8 12*5
3 IB 6 2.75 9 13*5
8th Febmmry
1 OB 15 4.25 29 9*75
2 OB 16 4.5 30 10.0
3 1.0 17 5*0 31 11.0
4 2.0 18 5*0 32 11,0
3 2.0 19 6*0 33 12*0
6 2.0 20 6.0 34 12.5
7 a.o 21 6.5 35 13*0
8 2*25 22 7*25 36 13*0
9 2.25 23 7B 37 14.0
10 2.5 24 7*5 38 19*0
11 2.75 25 8*25 39 22*0
12 3*5 26 8.25 4o 39*0
13 3*5 27 8*5
14 4.0 28 9*0
AâMiÆs&mm
I 0.0 10 3*0 19 8.0
2 0.0 11 3*0 20 8*75
3 0.25 12 3*75 21 12.5
4 0.75 13 4.00 22 14*0
■ 3 1.25 14 4*75 23 16*756 a.o 13 5*25 24 25*0
7 2.0 16 6.0 25 44*5
8 2.2 17 7*0
9 2B 18 8.0
Number o f Calves «a 74
Average Zixio Sulphate T u rb id ity  ?« 7*g
Relative D is trib u tio n  (^)
<10 <20 <30 <40 <50 <60 <70
73*% 19.0  ^ 2.% 1.% 1*::^
I
B
3
4
5
6
?
i
m ^ jm m
G low X ln C a lf 
(g ffl U n its ) #3.
1,0 9
I , ®  10
i.a ü  u
1 ,©  18
1 .5  13
1.15 14
1.7S ©
1.15 16
u.Y«ÿ.f-aLYwis^f * •^;*
%ec « a lto )
l .%
g.O
8 ,®
a.75
3.75 
3.15 
4.0
4.75
Gpjtr
17
%$
I#
Bo
#
GlobulW  
(Z8T m m s)
5*0 
5:*0 
6B  
io#%
10*% 
lO B  
IB B
Nimbar o f calvee «» 2%
Avormge %im Sulphate T u rb M lty  4*7 
R o la tlw  Dl©%riWtlo% (0)
<10 <80 <30 < #  4 ^  <6o
*'i^ % 00^ 4^ '** *“* **
&AÊ S6K , lî ! « J M a i&
i t * ( « ’ Uait,s) (■mg Waite) m . (ZSf w aits)
1 0.85 1 3.S IS 12.5
8 0 .® 9 6.S 16 19.8
3 1.8 10 é*3i 17 17*3
4 3»5 11 7,0 18 18.9
9 3.13 18 7.5 19 ® .9
ê 9.8 1) 8.3 So 30 .S
7 3.0 14 10.6
1 l.S 8 4.5 15 15.0
B l.s 9 S.0 16 16,0
3 a.o 10 6.0 17 20,5
4 8,0 11 6,3 18 81.9
5 8.0 12 7.5 15 89.3
6 9.5
7 4.0
mahw ©f Calves ■» 4o
1)
14
?.S
14.5
20 37.5
Avepag* Z im  Sulin'teto ïu rb iâ i'b y  
Kstotiva BiSfepifeutioa (0)
<10
&%
<S0
&)$
<30
10$
<40
9$
m gt*CI 
<50 <&}
of Seonfitûî. MM'ket Calves
m m
m * X&ST U nits)
m m
(ZST U n its )
C alf
1 0*0 11 a i
a 1.0 12 4 .0 22
? IB 1]^ 4 .0 2^4 IB 14 4B 24
5 a.o % 4B as
6 16 4 6 86
7 IT 6*0 87
§ :^ #o 18 6 6 80
9 3 .0 19 7*0 29
10 20 7.0 SO
Inmpfie Olobulto 
(ZSS Units)
7.0
9.0
9 .5
1 0 .5
ia.5
1 5 .0  
18 .3
38.0 
to .5
41.5
a4th Ma
I 1.0 9 14 ,® 17 84.52 4.5 10 14.79 18 87.5
3 6,5 11 15.3 19 a ? .®
4 7 .® 12 19.23 ao ^ .5
5 T.S 13 20.5 a i 36.0
€ 9.0 14 ao.TS æ 37.85
? 9.75 15 23.5 23 41.5
8 la .o 16 23.75
a m
1 0.0 3 10.0 15 19.5
a 0 .® 9 10.0 16 © .23
3 1.73 10 10 .® 17 30.25
4 a.o 11 11.83 18 2>.S
3 a .75 18 11 .® 19 40.5ê %.® 13 10.75 go 4 1 .®
7 9.75 14 18 .®
Number of OAIvoa «a 73
Average Z im  Sulphat© T u rb id ity  13*7 
R e la tive  D is tr ib u tio n
<10
50 .9^
<20 <%>
10,
<40 <50
6.8$
<60
Serum Immune Globulin ...... M a rk e t C a lv e s
X
2
i
.1.0 
1 8 .®  
19*5 
81 .T9
9
6
t
8
2X#?D
% B
27*%
29*0
9
10
S1.7S
ÿ^.o
1
2
3
4
7*7S
1S#75
1 9 6
Ê0.7S
5
6
Ta
22*5
29#%
29*75
S4*5
Huüïber o f Calves 2B
Average Z inc Sulphate T u rb id ity  25*4
R elative D is trib u tio n
<10 <20 <50 <40
9*0^ 15*%  41*0$ 51*8$
<50 <%k)
10
11
18
55*%
:^ .o
59*%
5 9 6
APPENDIX III
APPENDIX 3.1
m art iia ta . B
Observed During the Infusion of Isoton ie Nvdrochlorlp Acid
Blood PressureTime Heart Rate
Cmlns.) (per mill. )
-5 18s
0
17 170
38 ISO
53 165
60 160
75 135
84 80
87 55
88 24
pH
(mm Hq)
140/130 7.44
145/134 00
142/126 m
142/126 6 .%
150/135
136/164 <6.6
175/150
145/125
95/65
Time Heart tote Blood Pressure pH
„..{pojt_mlft.J.____ __ . -  tpîi w ___
«12 220 162/140 7.35
0 220 156/132 #
35 ISO 136/120 7.2
69 175 142/126 7.12
103 185 158/140 7.12
136 165 150/132 7.07
166 165 160/138 6.35
193 145 l% /154 6.84
203 120 190/144 6.84
209 105 198/150 <6.6
214 85 178/142 #
215 56 159/135
217 20 88/62
220
Calf No. 3 
Tîtne
•10
0
20
%
68
80
115
120
135
Heart Rate
130
125
140
135
190
160
150
100
Blood Preosur
120/90
105/78
122/94
104/80
110/86
84/66
142/122
104/82
168/134
196/145
180/126
7.4
7.46
7.29
7.25
7.22
7.21
7.08
6.96
6.87
6.78
C alf No. 4
Time Heart Rato Blood Pressure pH
ia ln & l. 6nm Hal
-10 176 153/132 7.34
0 157 154/132
27 171 164/138
47 193 168/148 **
75 176 148/130 m
99 187 156/136 m
105 150 184/152
114 140 200/164 m
121 70 122/106
125 47 102/66
129 61 124/100
134 78 200/150
141 62 142/115
142 46 116/88
143 24 114/84
KnüM'imiiwiaiiiiWfl.»
Time
” 10
0
8
19
26
63
78
93
106
124
128
141
161
164
166
167
Heart Rate Blood Pressure pH
i>8r mlr>)
155 160/130 7.38
160 166/134 7.24
140 144/120 7.01
135 138/113
110 132/112 6.98
120 124/110 6.95
160 170/136 6.30
150 180/144 6.65
135 186/150 <6.6
135 198/160 .
115 200/160 A*
82 184/154 m
75 174/148 m
59 146/120
36 122/100 m
£â .l£Jas-â
Time Heart Rata Blood Pressure pH
0 14s 102/88 m
22 145 112/98 m
45 145 114/98 m
72 135 124/104
100 130 154/122
115 110 170/130 m
133 70 148/114
135 82 144/110 m
148 SO 142/106 m
ISO Vt 134/96
157 18 80/30
160 _____ ___
"10
0
38
44
68
91
96
Heart Rat©
ia g iu a la L .
145
120
100
100
105
83
67
Blood Pressure pH
100/80
106/90
94/74
100/78
100/76
108/88
116/92
7.42
m
6.91
6.84
6.63
T i me Heart Rate
___ (p.af;..,inLo,X^—
Blood Pressure
___ jE ip ,
pH
«10 150 112/36 7.42
0 145 112/96 7.42a 125 130/110 7.18
17 120 IV+/118 7.05
30 100 194/140
43 100 194/140
47 105 175/136
31 105 175/135 6.68
37 110 193/140
63 105 194/144
66 100 146/135
74 75 59/48
77 30 52/16
Time Heart Rate 
(ner mîn) ,
Blood Pressure 
__ _____ ___
pH
«9 10 240 142/120 7.38
0 2!K) 142/120 7.35
45 222 1W120 7.30
81 205 128/110 7.06
105 200 112/92 7.04
135 175 124/104 6.97
153 93 160/125 6.80
164 43 170/125 6.70
170 40 110/75 6.60
183 33 78/40
185
Calf Wo.
Time Heart Rate Blood Pfosauro
..._______ _______________
pH
«10 130 148/118
0 115 120/100 7.38
^5 110 106/90
30 no 104/% 7.13
60 120 96/76 7.0
85 115 102/80 6.92
100 105 112/90 6.88
105 105 108/86 6.79
113 100 145/118 M
123 95 162/130
125 95 158/128
126 78 160/130 6.61
130 78 186/146 <6.6
135 35 200/135
138 33 180/130
140 30 116/94
141 18 88/54 m
142 12 65/20 m
APPENDIX IV
À
GWbuUn Concentrât I en s (ZST U iitts l c 
D iffe re n t Times a fte r  B irth
0«6 H r*. 6«%2 Mrs, 32-18 Mrs,
6.0 0.5 0.1
6.25 3.2 1.0
9.5 4.3 2.2
10.5 8.0 3.0
11.5 8.5 3.1
13.5 10.7 4.8
15.75 13.4 5.1
17.25 15.2 6.0
17.75 18.3 6.3
18.5 20.9 7.3
18.75 23.0 7.6
19.25 13.1
20.25 13.6
20.5 20.0
21.0 27.2
23
25
29
30 
30 
33 
37
0
75
0
0
0
s
25
3 3.45 *i' 2.23 8.0 >  1.87
à
